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^•^1 



,>oj)M j^^J^ 



• •• 



I 



^i< ,^i ^ JSLju cell Stem 2ux.jl^>JI 4-AiJI 

■A 

jflJbJjl a ' j *^j tj j Jl £.1 4-ic ^j_4 cLaJs 9 (j - j* 

.4jIj^JI_$ eHJ>>JI jjJ^'i ^Hi^ 1 Lo.y^.i.JI 

jt DNA jf UjJI j! _ 2LJ*U l-ulj^l 3jUI <ya 

crJ! L-i* cjjL^ j_s ^ _ Genome f . s i & ^\ . J^, ^, ^^ 



I 4__lL>JI t "ii Lo'i 



^•^1 



>oj*l j^^J^ 



all 



<— |JL>. L*£ 4 LjJjJij j_j_lJuJI JL> L^jJJ JLi a J a] CjLLjx 4-j^j ^(jr 4 -" cP ** /* ^F-^H^H^ 

0j-£l ;j* 'i ...\\ j_& Aja -x j i gu . Uj ... . tl ^'.^ >J| Jjljwj uL)jL_>- (^jJl Lo-B (jjl 
JiC. OJL_3tjJ jjl J j aaJLI (jja (j-^il^ 1 JJ 5^JLj_1jljJI ^j^o Sj^e-aJU 4j^Li£[JIj SLvjjJI 
4_JL>* ^yiijlj rfufel (jr^j iSb^jauMjJ! 4-LC.Jl->JI 4_jJL>JI 1 ' <o j i <a >■ iJliJIj ^J^' u^^>- 
L:r juoLU^ (j-u-aVl 4 .J ^ (jr^- - ^"i^-" 3^J — L-fl^ * " i <jl tjjj <j^o * uj— iil I *S 

* ■■■*' VI ^^a La 4^u^«tlU 4jjllt cjIj^k^II J^ jj! ^ji^. ^"^ -^ ti^lfl i jrtjJLill 
J£J ■ 1, -j >. nJlil («JLc jjb ^^-^ f^L^- (^ ^-^j^j-^ 8 4JLju»1 j^l£\ Cj|jj_>*j^a jjjtt 

tiuJLjJI jismW fjA JtjA (j^UVl t-fljinljntl jSJ 54J JlLo 4jujLkJI ^ -i>^>* 

3«j.UH jl j^j jL 4 4jjUIj 4JHLI Jru iajj ^ S U ; 1 1 j t jU 4IjJij ^^k. ^rii^j 
4jjU 4 «jjU jj <ul J^ JLjV ^^k-Vl ^JLaJI (jlia j^yict (JLc (jA 4it4jLj C-jIS I jl 
^Lua^JLt j j ^ "" ^ ^ ...itl C/^|j U»J *(J-ua VI jJjLLslj (jt Jl»V 4_Al_&al1)I jV t LlllLd 
j il^> (jl * jt^" ' »■** ij j »" 1 1 j jLJajJL) /n < 11 "ij ^1 (LiUIlS L-^u! JjudVI (jLS j j-tmj 
VjJ jl iSLiiJI l^j CjJL>.j c=r jJi SLajjlaJI ^^ ^1 Jaj-A 4-JI i_*AJ m^jJI f^-flll 



^• 5 Vi 



>oj^l J^^^J^- 



I JitljUxJIfc^UftJI 

jL-sa^b'jl ^jJnr ajj ^i>- *— jJljkj JLili ^]/U I n fl i A <JS J-liaJJ (jS*V1 iL>uV jLJaja 
OJ->- La Jaoj LaLo-i ^jLJj^^ ^jl'iln" m a ^jLjJL^j 1 it, ll <jj-^ JujUCJ *>l mriiVlj 
/-J} 4 i i " a i * I 4_j1>J1 ca^so, ■ j La^ ■ ■■ * V 4_i_u_iU Cj_ 9oJ1 /j-^J f _v ■ HI <j-A 1 i ^ *'J ' 

^ Lri intl Jjfc <jl_£ J J till <j| jj - OJ JLjJI I JLfc ^ jJ JL-OJ JSl f^C - |>J-^ 

' ftj'" La (j^\j *U*VI 4_l1c ^^^Jfc L_a ^1 i3juaL>. jl 4_j_>. *lj_m -r^ j ~.V1 J|j_l^j 
Jl^-I j j a 4JI (jL£j '(J* *""^ {j\j^Lja J a J w " >■ jl ^j* *' ■•■ II t— flVl JUlj 4 j lr QaSj 

*■ v J * Lu-g->JL j J j 1 1 ^^aIjJlII <^JJLj>JI 4_juLj_a Jjj ^jJe-iiS . \jJb LluJusnJ tuLjj 
*Ij1 l-jLjI Laj 4^uj^LdJl JUm-3 . Jb^oJI LS *U ^jl>J! <_*j£jJJI (jJJjUj Sjj^oJI 
4_^slj>JLj Uj^_j_3e_J ^jj-jjLj j k \\ ^1 < j k> i U (jX- 5 Lj xj CjI "*■ U ~, ^0 /n^ <>i tj 

Big bang ^oJaAJl jL*^lVl ^ VI ^jll ^J 4J^ o^h J >^y uW <JjL*ILjj 

/OJ V^l -I ■>> oil -iLsEjLl IJLJ (3^11 u! '>J^J •(*'_J->i jlj q "' "I ^ jt 1 n *M tJJ^Jl 

• ^I^JI pLt^oJI la_A Lg-jlc* jU_. ...^ Ltju%j Ur lll ^Lj_*iVI ouL^j (jL>JI (jL^ 

<lLua-j * Lgjl ^JS 4 « j 1 In II ^Lkj y 1 "i" dJUaLx jl 4 ^ -w «1j^ut '"" BjIjJ ^j . I "< <iU 
4-^_>. ^jjlj ^"■■^■1 ■ fc ^ -w**i CjLb^LjlII ^JuA JiS Jl JH-j-ojVI IjUfcj * ( jiaAjj L^l^jlj 
VL^LujI J->>Lj Lr ^3 jj« **■" Cj-aIj Laj jj* **"« (jr&S ' * ^j 3fc "'" O-aIj Loj tSl j "nil 
tjLfl Jlj-jwVl J^ ^j . JUlJIj ^>JIj ^j-u-aVI ^JIj-c j jn" (jUI k-dij t 5jj i r 
4-Laj_«iJ Luk 3Li_j>JIj ( 4_lj>. OJL£ Ll«k 4jIjl_JIj 4jIju J-a L4J JuV jL^ 4j|jl_JI 

JxlSJI jl-^SjlIJIj S^jIj ^".„VI 3j£L1i AjaL^-JI tfJLA L-Ji ^ uSJlB (jSJ (4jLUJ 

jjJtjJI jjj* La fjj I c (j ajJj 4jj1j q" mVlj ^LSjJI ^jl ^yjj^aj .L-3UaJLl 4jL^j (_yfl 

LtLolj * aj « » jl LfcLSJj ^lll cjLj-LftJIj 4ia_pJLI cSjjJoJI i _ r lc ' 1 1 * *"' LI jjJajJIj 
^j-a jl>-Lj ^r* *"*' ' "" V lLUj ^y^ ct-^5 •'." '^ jujuiJI \^2ujlo Ly s SLpJil 4_laLa 

L7 U1 (jjfc I4JI JUJ idj-JjLja 4-Sjj-Laj L^-xxjj ^^3 ^•*-- jl 4^i>. ^J^ jl 7-jL>«JI 



.^LSJl >i ^i ^Ijil ^1 (*) 



'^•S\ 



2^jl\ jj^> ^XX* 



£j.iL>JI j jJuJI I JLAj <4_1£ j^l Cr*J L^ SLlj>JI * jufc ^ frLj ^i J£U 4 j mLmVl 
JL^-lj L-flJufc ^J 4IdLuu_lJ1 j-flju 4ia-x3JL 1 l-SjjJ^JI J£^ w « j JaJl t_jLie-liVL 

JJJ '.! 1 v ^' (Jj - ^- 1 u' ^! '^ *-£>*-Lu V f&fLse-* jjji M.i y 4JSLJ t^jJautjJl j^M L^S 4-t 
z^jZi (_p jj^*j jjJL-J' tJ 4 J*J . f^ 8 J*"*"" -1 LifiJ (j^J .^xj^Jl aaJjlII 4_UI 4 t \"r>^ 

LuV j£Jj * IjJLfl La lJlL^ j^9 ^ A, \ ir\ not Jyap LuV V -5 * j iUtl jryjlj^ ^J 
J^-^-J aJ tg ^j .".VI A • j ^ U ^Jg Sjj^w^a (j-ttjjLix j^a 4 jlr Ij.l g "if 1 La jLj j-^Jj 
L^JjLJfcj * (^^jjj^-^J I J (JjJ-Il ^j^J)**' '"*' Lr^ ( (J^ dH l3 .' ' " ° J**"^ 3-V.t a LgJ V VI 

4 rt j iri t- j 4 jl^U 4 nj n-*. dUj j3l ^Jii j£j-» (jH (4jL*11 4_4^Sj3c a 4 M £jjiaj .1 jjri t"J) 

^l|if M^JI *xl» c^l^t <LaJI ^ 

4_i^j-4 fjS *i^^t J$ j\j <i"t t»V tji null tJ^J^^ »i ir> rt)lj ajIoaJI jl Trrit VI JUu 

4 In j mi j 4_jjU_4jSi -ii^-4 ^9 CjLuij JJb (j^j^l ^ U .» ^^Js Su >JI (jl 1 Sj * j ijijljuaj 

(jJjVl 2LI jl-JI JSLi ^A. 7- Ul I jla o! JL^i? • MLi^^ t>* *±iA\ ^uq-IJ ^iuu 

_ CjLijISLj <_3j*ju La jl RNA bj-J L-dj^iJ CjLjjJ^>. 3jj_-ud ^^ 51 j jell 4_j_i_j_ij>J I 

j»j^>.j j,t i m^i ( >Lc jtu!Aj 4_ ajj? (jJU jj)j L^s J_L» Ribo-organisms ^-uj 

lLU3 C+aJSJ j-udUjJIj CjIj JJJ 5 j ^: At< J ^ajIjoj^TI 4jt-iikJI jl 4jLwVI q^I JAj 
Qroi -*Jl ^pAj (jJj^' *jUI C^ae Vit (j^Jlj oL>ijVIj * <\ -*■ "ill ^Jl 4U j mi jll jl^il 

,ys o^ 1 -^R^>^ , DNA LjlJI *mJ>* j-^ jl^ ^11 4 , A j ^Li csaJlj ^j tiJ^ 1 

** ■« *• ■■■ 

3Lj-j>J! JjusI 4Jlj iVjl j^j mJJJI ^A Lj ^mJ3-jx tjl jriJJ 4]jt udLlAj . LiL^Li- 

Jajlj jl^ Lj jl JUj^ .4jnaVl (jlaL*>.Vl jja 4Ja^mJI JI3II Ja3j Jj LJjJI J^fl 

Transcriptional *-J[& L^LaU^ jjo 4J^v L» ^■■■■* 4mni o2^JI ^ jryjJaj 
^^ia±j aLuJ (j^ic ^-"j$ i4_c^j j^u ^ S -j a 4-i— ij ^-ui-1j tCatalyst j-aLxj factor 



^•^1 



2^jl\ jj^> ^XX* 



j£P£J| Jj^lg ^jl^jjfkxLaJI 



Mi 



J_U_) 



«£>» ^j^oLloJI cjjLUJ Uracil (U) «(Jm Jj '"bj^ 1 t>* ^Jl-H 3 'fj^' Lajl-cI>3 
Adenine (A)«f» ^jj-oVl ^h** 5 j ; jrj^"'J :t! ^l*^ 1 * j*; L»f < Thiamine (T) 
1 «j o> i-. : s ; *a Cytosine (C) « u *n in-jj"" miIIj Guanine (G) «£» jryJil^Jlj 

.() JSL5JljJ^I) (Y) Uj ^ c^K US Lo J* 42,13 



J 



L>* 



E 



^>- 






^•^1 



^>j^\ jj^^XX* 



'kjckaJIdtjiaJI 

,(rRNA. t tRNA ,mRNA) 3 \ ^j^^yi Lijj JsUI Ujj Jj^jJI Uj 

j rt "r i ii I J aj JU-3 4— j->1J ill 4_jU»Jt ^-3 ^j^j^-^. ^Jbl '"-j ■ 13 (jL-3 IJlSLa^ 

j j j «-iJi (±j( jl>.v ill j j >. L^ji 1 is ^ LoLaj 1 _\j .^. ] y \ j j j • * n dj^ji^. (jj^. 

jjLfl £-*U>J l^i^lj Ly Ul <ajlj>II SjUI ^^Jbj LJjJI jj^fl J^^J <~m^ .4jIJ 

. <c^j ^ ^ I 4J JjU-a 
4-J3JVI 4-4UJL-C 4-jJjVl Ajj—ujJI oLjLSJI ojufc jl 2Ui ... ., 5 ,^ £jlj 

( LUCA) Last universal LSaJ * ..." ^Jl _ L^> ±&J\£ Prokaryotes 

j_> j^T jjfcj -j j i»Vl ljJj " ,n U ^LjJI cJiLlJI jf common ancestor 

La£j .^ 4-ijij j<ll 4_J^Vl _>ljll J£ L&> 4ljj ^ u 7,j ti ^ jl i4_uljjjl 

4-ojI j j<T1 oUjSJLI tiUj jl Antonio Lazcano >)LSjV 3-jJylil Jj-ij 
prebiotic soup ^Ij Jl ^1 m >JI ^ 5j>^.j_4 tiJL^^IjjJI ^j^JJ 

i» M ** ^ 

^Si j^ls"^ 4 in <i } ?r i ii xj ^S 4 Uu i ii j II 4-^jLxa-jSjI Cj^LcLoJJI ^j_*j 4-LfaaL-u 
J-a 4 I--I'- ujJ_xj C tlj'f i uj Cj Ij L " 4_j__9L^ljj jj^ajJI jj^ « ^-°^ ■ ^^ *J 

^j-uiaLJuj < <ijS ^ 1 1 "n 3 cj\Jujj>*3\ » o ^rnj iCjLafTlj-iJIj cjIj^I^JIj cj'Mx.LLjJI 

L7 SU 4-^j>UI 4^L) j nil (^jijJiJI j^flljJLj <j( JL)^L33 L>J ^tij^ l d ■' A ^ 

l_3JU^JI^ - ■ allaJLl 4jL^j ^^3 SJ-Sj-a 4-duiij l^-^J^ l^" *t^>* tlH^ Lt^! (Jj^ 6 ^ 

^^SLI^ .^LlA]l fjji 1 ^ ^ j i ^yJ-C 4-Ia^l ->U ^ji-^J I fl J - d *' Tc-cuJ ^Xc- 5jJL-dJI 
Lo^ i4-J_$l 4j3>i (^La^l j^is (>o J^ljJLI (^Jl^J ^ JbV (jl^ tiJJIi ijJLfcj 
4JjJLaJ O^ D^JI>-^' \j-M tJ-UJL>J ^"^S O^- SjJLoll i Ml*i<n r*J (j-*J * Ljij-iil 
4U.. ,,..11 ^JjVl 4_^LkJL^ .3lnj,„ Jl ^JjVl 4.1^11 fr UJ ^jVl OUJJI 



^•^1 



>oj^l j^^^J^- 



jL<L) ^nj^ J^l-i tJi-Jj^—iJI tj^ (J-jIoj Aial nr a 4jjjjJ| L ^3l o ■%» VI t^AJ ( _ r A 

' " J J * J O^V v^ '^ d J, '" ' U^L_3nJI djLA f I flj jL-4-JLJfcJJ . j—jLutX. 

^Jal^j r xjut ^ 'ks'a (j-**^ '^JJL)^ <-£-* >^ '^j-^ ' U" t ^ J *-*i> J I 45^3 i ^illn tjj-fl 

4_cjjSL1I 4_3l_laJi OJl_£ H 3 j 3UI . .. A\ 4j|_c ^jJSj 4_jjL_£i3 5jj uaj jJJu 



• m 



djub ^ & jl£.L ii a j ^jj~ <-ttl JLj-qJjj Stanley Miller jJL * ^,^" — ^ 
^LjJ! j^.Kj j, 4 t aLgt-i Harold Urey ^jjj jJjjU 4 j V^tUI 4^> -* "tl 

Jj_2u (_;H-1' L^ ' ■■ d ' d fjl j ^ jSJI J^a!j_iJlj ■ " > 1 j d »J> 1 i* * " jjl ^ i in '^ '^1«* 
U^*JJ' ' J^^J l)L-^' J^H ^JJJ^ fr (J^ LjoI^J i 4j^>J1 3jLLl jj^"*"" 4j_L*C 

^ John Haldane tjljJL* ^j ^ ^Uaj; Jlj Alexander I. Oparin 

IjJl^.j Ui^lj 0U.3SJLI J^tij .SjJjLiJI Ji.lj J^bJLI jlj <jwl I^Ta^V 

Jju ^^iJlj t Cj Loj j^-jJJ 4j-j-uLl-oVI 4Juill ^^jfc 4 j 1 j aVI (_paLc^>* VI ^jl i_3iJjjljii 
c_jjL>J ( Z 1 1 tt 1^ . I ^jtj o"w 4_i_>J1 lJljLLojJLj * Ua 1 >*" Folding <jr la CjLaL^X. 

aLaJI (> j "j j A 4jLjsLaaj Juan Oro Ijjji o'>^ >^ >^^ ^^ j^h°j ^im-.,,. 

.4J5J.UI ^U^-Vl l^J O^Zi L ^\ 42jjl*}\ 4J$jJkl <Jjj>3 <-\j^\ (jr^* * \^\ 

mm 

ItfiV J pi"! J J-llj A \ £ A, \ Vl id! ^yJ-II ^j-A 4l»LtJU J^t£\ jlj-4 A ITN uj 0\ u^. 



l£>-$\ 



2^jl\ jj^> ^XX* 



^Jl Hydrogen cyanide (HCN) lt rjj t : d Tt »* nL; ^ c_al l^LJs 

( 2lAajuo ot^UI ^l^j 4 H20 *U1 j^j ^ Ammonia (NH3) Le>aVl 
^ Ji-jG ^1^ Adenine «t» u^ioVl * j^j >x> "' J'H Sj-cLSJ! <^Jij£i jj 

^tv; ,„i edJj ju*j S X} ATP o l ^ ... j ATI ^>U; ^^Vl ^j SLflLLaU 

L_La o— *J J^iJi J^-JT ^1 JuJI *L^j>J1 ^ tl*jL£ t_£>^l -il>« J-* or^JjJU^JI 
4_jJLj>j_£J I j 4-jj Lj-<4_jSJ I 1 ^ ■ a i\ '^ >* 4 ja iJa_«Jl JljJU ^J-t-Tn-uJ (jl V] ■ 2 j jj V 

t=fT i f >>JI c-^plJ ^rj^.^itl ^Ul j^ ^1 U^ r ",L^ .^JT J£Liu J*^j 

^jl ^^ I jj-fl Li J .tllljuT 5 Uj^t I 4_jo-jJI <j^a ^n^ ^LsejLia. l£>**^ (jj-i (j^ V 

JUljj .^jijji f I S M I J-3&JJ ^La^U J--1' ■■** ^yjS ^ g" i n" SjJJlII ^jLs IjJ t[-£>j-±C 
J£ ^J ,3^.^-11 U|j 2LSj^Jl LaJ /«J ijLp>-VI <±JJL*J CjljjjJI ^ JLjJLtJI 

(^jlJI 3Lj_>JI f.^j-3*. (jyAe. <Jj <^ -hJI (^yi^- J j <i t "ill j-^t-» ^y^^-lll (J,l <u 3j^o 



4_lL>JI ^^^ 3jj^>»jJLI 4_jJLj_« Jfl ^dLq^>. VI i " i **■ I j jj i^j \ I JjU3 J^J 1 *"' J "' f-^J 

^j-a 5j ig ^" 1 1 «— ^JjJoii L&ju (j* i lm!\ j-a ^fic BjUljJLa 3jLjJ_>- CjLlijjjJ pLLlC] 
tJ^UI >-a>j) Ljj L^i>>^' ^j^ A gJl J^L_>. ^>>aj » LAj j r j *Ijl^o 4 j j ) j r-LLa 

, I ^ ", j n A ^ L^J J Itlua * a t » LS-aJ 1 j 4jj!j-aJL-*(Vl L^juj i»tt CjJL>.j LaS 4^L>JI ^J3 
^jl_4~j£LIi ft »-u->Jl ^o ^j ■■■ ^' 4_lL>JI ^J^Ij (j^3_a^_iJI «— Li^o ^^ 4Jj j miU 
l^J jl 3U : ....tl 4_^ljuJI 4_iiiJI o^i cdJjuj . (v) ( ^t iaUI ^j jljj^ 11 



^•^1 



>oj^l J^^^J^- 



f£u <l^ji joj^ lIj^LcL^j ->^>-J Lstx^lj I JLi jl i I Vjntl jj^I J>^ lt^ «"«L^O ^ 

^^a2j lij a * IjUbLti o*-*3 LaLjj <__y3 L^JJkIj j. fl »^J ^J^- ■■■ 4_ii_>JI i-»l .lull a 
J j) -*,' (jJU j j _t-i 4_jL>J1 < " < ■>■ I j aj ,4j j-*j^ L-^j j-4j (^^-11 <±jIjlj>.^I ^j^>jj 

(_yic jLs-IeVI ^JJ ^J^-^J 4_lL>JI OuL 1 JLij i5_Ju_UL 4_jjL*-j£ -^J-* '^J3- L ^ ur^ 

me 

^ovJI J^H° ^-^J ~ Ls x 3 ' ^ LJ- ' "l" ''^ liUjij 1 fl j^ 3jj^>»j^JLI 4_lj_*jI jm ■"■ £jj$ 
tfj^J L>U. ^ JrtlnUl ^ 4Uj ,„,tl 2LJjVl L^UJI fjluu OlJU Liaj! 

juai ^ULI JoM^VI Ij*J g^jj .i fl^LI J^UU 4_plj>JI 5-iUL 4_ulj^JI 

Jb^L_J_J>-VI '-LA ^6J>-jJjJ I ^ -"■ a 1 ' J -" J . JUJ-J>JI ^JljjJl 7t>jl_Jj_jJI J^-lj 

olj a lJU S *4_-4 ^__ « J 4_1_j *_^a uJuUioj cUl j lIi! <»__j i_u >- ^^Jj ^yjljjJI 

a^JI ^^ ^pJl CjI y ...^tl ^a LaAj-i-c:j f -,...\i ;jjj^< tljMitnr.hnndria 
^ 4-iLiJI 4j f>23 (^•^ , JT 1 ^ 1 J*^ 1 ^ l - i ' Jl«"<y (Jr iJd>jJI <a M^#tl Jl<^ 



Eukaryotic Cells Uy*ll 4rf^Hl «i1i» UmJI ^^JU 

u „- ...j ,y,i ,,.i A 4 a aL^j Lynn Margulis ^^iJj^kjLo ^ a : <^ /vi 

4^LkJI (jfj iProkaryote Lj^-pSLJl ^ Lajjjl^ jj^jij 3 jnjn-»JI 4j^jVi 
. c_»LiSJI I jla ^j-l^j^s (^ ^1 -^'"< _ Eukaryote 5 : ^_. ^ — ti sl^UI ol j 

Lt^a u^j"iS ill (j^o p IjjI 5 Jul r'Lojjl £yi ^Lc ^^j^jJL ^j^a t_j^jflj La J_La CajjSu 



^•^1 



>oj^l J^^^J^- 



&±£<kaJrkJilJI 

LLajj j ~w <jl t>u_>.LJI ^j-^aj "j-^ L« rL-«J^^^ Ij-a (3jl^o f^Lc JJjlj U-«j 

CjLj_U~C (j^iJ-lj t4 -^i LJj-^1 l£^' ^L^oJuVI j_Jb (jJL^Jl j j ;<H 4.* jw»» 

. (A) pj' :r n ^jjJalJ! JjjLUI >^c OjJL^ (_ylJI LbJL^.j CjLLljjJI cJlcL^j 

aj t^jLSrJI J ' * ^j^* •* i a ua-tj jj- j al * jl_>o Vlj J^ I a III 5jJ cjj^S.^ 

Ljlx jjTij t**t jji 5j-j» c^£j-il * Ljj* jjj j j II ^jljJL julj {y*^ (Jj-3 (j-«j jj ' ^ J 
^^;... ^1 J£ w -^>ijj LMiJI ^ ...;;" tjl ^ Vjuk .Multicellular LMiJI 

c-^LS ^jJ «Jii Charles Dawkins >i^j-i JJjL-JJ w » j j-LaJl i_jLJt_ijVlj 

• ^_£j-->-1 t— iLLl>- jjo 4^j^la ^J9 cr^4f Loj Liajl ^jLHj 4JSJj ** j u ■ II J^Ij-aJLj 

|_,>L>JI SjJULLa 5U t< lIjLIjLSJI i?JUb L1j?JLi i )Ljj>JI t .t 1 iUH t^Lie-IJ^I 

A ^ ■"■ ^>JI jJtSJl ■ La^3 ^S r t «^>^ Tj ^ i * .^^*.~ a 4 y < ui\ ^j jj\ <a"in L7 J3 

t4_j_9 (^iijju (^JJI (j^SLlI lt^J lO .'^ ^ ^ ^ "' ** J.* J' 4j-1j>»jM (jJ^J (^gj 1 1 «a 1 1 <L1j_u 

. 4"< g |j 1 1 t _ r Cj^ jjl LilJK Ajgg^JI jli IjU 



^•^1 



>oj^l J^^^J^- 



j^jjjjj Js jfr ^l j a *»■ "II j 1 1 g in <i t ^_jjJ<aj ( _ ? J3 Lj^ >J1 ^jrt *J < " 1 1 rt a j 
,lj . I "»» dJ^L^j r 1 Io.C.1 (^jri^ 3>jjL£ 5 1 fl • a i"< >1 i^"t t ~tK . ,*;■ C-il j i—il ua C * J 

.* * 4 otiLJI ^U.n Jij_fl L-k^jJI fu *U1 ^ 4^^1 j . f.TI j^ifi. Lajl^-Ll^ (jJ^ilJ 

4jj1j q" < nVlj ^ * ^i j U 1 1 <-jl Vi )VLi j j In" ] 1 IjlA (j-ic Jj3 4_*_i_jlaJ I j ijjWn 
<>jj t"U 4jm ill <-_3j^laJI *_a a^^LjJI *j La3 - -J (^JJIj tJoJaJa jlj (j <n-w^l ^yJJ 
4-L=u_i-uJ ^j-a Lj^L>JI (Jl£ *■* COJuuj O^j-ij I JSLaj - j i j I j ^ 3 i hi j 4j 5LaI 
i^u jM *_a l,_L>. J-±& J^ •""* d 6. i '''"'- a OulS (j|^ 1 4 oUJt^a (J IS -"-Ij 5, l a * a ,_J1 
(^Jlllj *4_L>.lj ^IjjJI LJjJI l^jrt-ifcj^ L^Ia^a jc j 4 nj<iU CjLsM^>*I J- 4 -^ ^ '^ I 
UjJI I JuAj .(jVI ^" ^ jjIalJi 4_ua_3 ^£. 4_i£ 4_LaL£ 4-Lol^ 4_p* 3j_a^t-a (^>3tJ 
4_Laj^a_jtja LfcjjJj (^J! SIjjJI ^ ChrOmOSOITieS CjLj «-j -^ j>JS ■ ftj ^^ 

' Q 1^1 N Tc^aLJ^-i ^Ji^ ^LjLj L-dLu 4 ^a -^ gfc "■ a CojLj Ij^L^ ^-^-^ (J* '3 

i^jl^J c^A£ <j\j i^y^y^ J< -\« Embryonic stem cell 4-jjui^JI 4^_c ju>jl 

■ hrt"i^i 4jLiU ^^U. J^^ CjIj ^i ^J^ 1 SLlajfcUi JlU ,1 .n^ti L^U. 
^j ' j sae U Sjjioall ^J^Vl ^j-oul— ua^>JI ^>a j j IiS II L^ j * rt (_^a_) LuslJcj ^ ■ .. ^ ■! 
Llj £->>j^ L^ptV 4 ^ iSj^LoJLa j-fC J-^-iJ jl 4 i ^ i ^a jt **■ a j j^ < ".J I j La Mia ^$3 
^U>"'a ,i ,\Utl ^, ,.,^ \ ^\j< .'r." jLlJ £j* '"'-^ 0^^-* tl^^ L^! ' a-L>JI (_^J1 
^j ^ f ^* ^- j II oU.jJ !^^ * ^ ■ ^> ' ^ "- "■ 1 1 Lj^L>JI ^jjq I ' " >JI 4_JJ r'LlLacj La 
CluaLfl JL^ (JjSj 4 j n i ^J I 4_l£..1l>JI 4oL>JI jU IjSLAj .jryj>Jl oj^- 4 -" cr^b 

■ j"'""l 1 frg-L^ J-i-uj^ ' a ■ ■■ n "■ u «j^" o' J-^J W^-^ * ^-^3 J - *^' lt^ ~Jl9"V 

Ljt-uaJ j^iSI tJ^>->-' 4_i_cJl>. 4-jIifc. JSLiI» ^B * ...^tl LLI3 L^j fr/_ i^"t 4_Ai-4>JJi 
5j9_j^a ^_3 4jLjj>> 4JjJo L^j 1 La -a**< -*- -^ ,' 1 ..^.tl J^aj t uLp ^aSlj I j -i C jJJ^'J 

jrLi^j La J£ ^itn"i .nil jjl^j w U." Adult stem cell 4JJL 4^1,1^ L>U. 

_ fr ULJI J>Sj .OiJj ^ JJai V ^J )5LpJl <JJLa L>U ^ 4.JJ jl^jJI 

if3 Ji tf l^i ^jJI j^tJLl (^1 ^l£^J ^UUI JSLUI al - J^ j>» U^f US 

1 ^ b* «4 



^•^1 



^°J^' JJ^^^^° 



l6uJ5dl 



u^Lji* (jl f»J-J-ll 1 j1"w IjU £jl\ iilJlj j « "II <?Jul> (_p » r i r-> (jyl^- J-iL^ ?^°^-'>-^ 

.jjLiJI { jj">r t ufl (jr i^>\X\ J ' H-w £>* Sjj-us VI jJfe 




^•^1 



^j^\ jj^ ^XXo 



ft 



^^ * Unicellular Sjl^Jj 4 JJ^ ^ gj^j 

^1 Ij nt'tl 4j>.jJ (J3j 4_i3 L}L>JI JJL£. ->bjJ 

L}L^JI 5jua_^j uAj-ju ^1 oL£L£J1 ju^ 
«j <a ^ 3j iLj 1 a I frLa ^j .Multicellular 

Luqj-u^»J (j^ o_xjc ^-LH-j VI jjb Lo t La! «^>ai ^Jj 

^yS 4JjI <i"(U 4_±jjuajJI L}L>JI ^lj^'Laj (^°J lA^- 
La J** "1*1 J iLa-O-J 1j ' d ^ J i4-^-"ar o^kJI i_ij^™>o 

f>i±^ J*^ 5 J^» l£^-*^ ^*J-V "LSj^laj j^jj 

^ ^ ^K ^ . JULii] 3^+^ 4_^ 4jlj ) ^ is ^. JL ^""„ 



^•^1 



2^jl\ jj^> ^XX* 



I'^Jall 









IJL^j 4j\ frill /-3 uw>^> l^>* *j „'* '"** dj \1 i t CjIJ^^j /j-a <j* 'J ^ I OJu>>jJ 

yja L^j L*£ ijLojyi *L>. Ij< a^ ,4jir Lqjkljj ^JJI a-J^xJI J>L*jJI JSLUI 

ft> ft* ' 

^* * 3 ^ Oh 1 CiL*-^ ! * ° ? ^ ^ ^ ^J*-*!/^^ VI tO 2 V ur^ 1 ^ 
Jji jj4>_5 ^ >1 c j-jLlJI Q>-iJI yJa Robert Hooke udjjj*> cj^jjj yjLLaj^-Jl 

(^gjl ■'^Jl {j i> ojl ' ' Q^ • " JjJ J a O " ^_ G-m x ' <a 1 j j 1 1 4-iaSL "J|>^ J ^ ' »-^'j lV 4 
SlS-.^.tl 3j jt </iU 4jjLuJI vZjIjljvjJI yk. Cell 4_iL>Jl A^i Jilatj i^jJ ^AaJ Ij 



jjLa 4_L!l jjl ^ r«-fijJl i_?ifii 'ui^^H c^ ^jj^ 1 ^ 1 gj'^ (j^ij tj ^IJI Sj^jJLuaJI 
Jill ImU v o' -ilj' (^^j'Q ^1 VI 4 Mi^ Sjl^Ij d_4i^ ^UJVI Ji^ yit 

iCjLjjuoL^JIj ^L^-uaJI tj^j'^ & J3^ £-£u fS*^\ t JlSjlI! pLLjJI ojjL5 <LaljitjjjjV 
j t i"i ) 2 t^i'J t JitH 4j_jL^IJI 4_Lua_>JLi Lfeifi jJLu yjil 4^Ij jj I 4JoL_u-» (fl-fijj 

•* ft* ' 

J » «n ^j-« ^UjjJo 4 1 ml mi jljlj « : c gfc *m L^jI ^?J i L^-j-L: 4J^-*ii ^j-ju Jqj ^^ L^j 



l£>-$\ 



2^jl\ jj^> ^XX* 



Jljj mil Jl,<a til XJJ>-13 i(J<i til AL9T i.i)I j»JLC ^jX. 7UJ f4jL_l j t nil I J_U 1—3 J r (i °t 

3* y t „y]\ oL^ Uj .^j^^ 1 J^-^L, OLJLlajj *l ,>irVl 4_^j ^L^I U5 

« ^j'" * .utl i* i^J^.i Titlj Sjjlj n ~ .>.Vlj f I * , 1 1 ^^Jbj . t ... ^n 4_«LtJI 4ii jl^jJi 

iLa j) >>t f ^yS L-4 4_ji>. L3 3 ^IjjJI t^sLJj— iJLfl . 4-Te-a^j ufl)ll ^t — (Q-^H >Ai 
j Ja c ^yJS ^jj>-^fl 4jiitiJ (^Ij^i T?-^ ^^^^ l^ ' fl^stj (4-tuAj j ua «JI ( _ ? J3 (.r^ 

tPJIj (^L^LlJI L>U <>* '/^*- lo Ju: y^lj Beta- cell LLo ^Lj^SLlJ' 

^abj-jJI ^j-c, ^^IjijJl L^jse-aLjj-J • a b jcj ^ J InSUllll (j-^J '" > VI UJ-*>^ j>^ 

Alpha- cell Lii! L>U. ^j 5 jj^?-^ L-^;' ^j '"L^j Lj>U. ^ cHb>Ji 

^jjlj^JI ^alJj-JI ^ L^Jt^aLj^J ( kllifcj Lo>jjJU ^Ij ^Glucagon tJ^wL^aiiJI 

U>U. j^ja"/ ^ *_ V Jiu^ ^Ij Delta cell IiJj w o ■ ■■"■ ^>^t Su^L^SLIj L>UJ 
ckbitj Lajjjj (^^jJI Somatostatin ^rOl **< ( n^jUyij jij^a^jk jj^a^^ « ( j^lj^^i j T 1 
jj^3j i^-L^LlJI Lj^Li^ t > a */ > * _ \ 4 ■ ,,.;; 41^11 PP L>L^ ^ Ubji 
.(PP) pancreatic polypeptide a^r^.n J^^LJI jujl^. Lx^Ij^LLj Ujjj^ 



^•^1 



^j^\ jj^ ^XXo 



XaJli^JLiJI 



(- ■*"' ft 

'"' n nulla JUaJa t^J<i tl V 4-La^-j 4 ij^J) '" >« ' UJ-^J^ Ol ij *>■ LgjjJ ^j^LSjLskJI 
<«_i_*LiiJI ajjlljnJI ^Jcj (j-S C — i ulj <"<n*i-^l (jy^- (jrUjfj-jJlj CjLjLl>J1 <ill3 /oJLi_4 

j*S < n!l ^lc l-3jL*-j Jixl jl fCj&Lij 3j n ill t.^ 11 4*1 2 1 ^ sc Ui nl (3>^ ^1 lV*n1 (_y3 
(^1 L^jl^j l tl*^ ^ J-^IjlILj L^a^oLjjj ^3 U^J <ill«u V U$j! iii in) i JuljJi 

U^l M-ujJ ^1 i4jL^JJI • " -^- OJuq i o j Cuuj^- ^"lv C<-4-t-u.l^ J-3 . UjJSj 1 ^ ^ 

L^jLb "LajLaJI 4jLuijJl a\ a, \jjli .. L^j Ut .. IgJ LJt ^ gjl * *■ j i aj (j^I mLjoj)) 

j^qLj '"-j ** w "*lj - L^jL-4 f-"ljJ JljIjJI j S i nit CjLJuJk^ a,.V V-Urf-Vi (ji se *^ .^J 

JLxoj SjLiLJ Lf$_pLj jl _ (jrdj >n*> j) ^Uj CjLu-s^ J-4-C «-fi ^^IjoJLj JjQJU CjI m *w 
j " ^ "i *^ i^jrin'iMj j 1 g *i L^jI 4 ml j ^jL^ (AjJl j^^Ja j^ mil (_yS ^-^^j c^ Pj) J**'^ 
^Juk TtjLjj Jo^j j^f*- i4_jL>Jl (J^O ^j-j^-I OLoJj^-j 1 ^ " i^l n "iiJ* ^j ^ n **i nj 
^3 (j-Uj) inTjl it j i ml CjI *m "fc- (_3-Aj i i V j i^*> rtll CluU ^JJ J i nl m"i ^3 SjljJlAJfl 
^ ^ La i A ^3 LijJI rd a j * a t4JLt**jJ1 Jl ' SJj ■ ■■» (Jj-*I( (_y£ UJ^ lt^ J ">1jjJ1 u- oB 

< jrOj>jjl (Xua ' 4 *"■ ^- ^ A * I - ^ ""I 1 1 a fl i >_j-Ltfa_-oJ I j— 4— *Jl ^J <Jj '-^ '' uj Oj^p 

5 ^« 4 4_i_ilaj oj j i^r J-SLa (c Jj^Vl gl i>\ rVl L-J>L>. J_^ (jr 3 1 Jl_£Laj 
.-J '^ '^ jfcj ^ '>-* ■>■* j&^ 4 u^L->. JU_>-jj 4 in a) j ua til (_^J * 1 fl rr V] (J I mj j 



i^C-^l 



>oj^l J^^^J^- 



l0aMc9<LJaJI 

CjLa^i-J-i-^i <? JlA J£j - V i fi 7-1! 4_xLjl1I 4 <i j ]r>jl I ^j_^o (j**-^ ^j-*J i_J^.>* fJJ^ 



: J^Jaj w-j^ (ji "i ili ij I CjjjJI j-jjSJI ^j^jIj^j nil 4 ^(jflj 4lj q-v. 4_lj^_a cfJLfJb 

V La J>^ <-_aLoJLlVI ^ *-*JjJI JLljJI 5 j 1 *' jj^j jl jlj^j 4_&J i4Ja^jJL! 

_}JJL». ^Lj (jjS ^Jl 4 j i till I j 4_u1jL> L^JI ?g ciajl ^jyjJl LL_u!j_5bj 4SjJLj (ji * ±kaj ■■■ * 
Lr^ tl)5 l£jL-^ liLhi)-^ ^-^dj' lt-^P 3 '^ .^JLuaJl (^jkUl^i Cjljjdl ^ ^^-J 

<m m m* *• ' 



■*;;^-*^ <l* j.'!Xjjii V J l *^ ■-•-• I L ;i! iS jjiall 



L^> «£3 4 |J *- ■' |* ■ a * " » »i I ^ i . *^ M £ L ..I 



^jS^ 



I ^lA 



i_i_Li;_i 



? J* - 



I ^-ujUS'I 



(DNA V) iijil" 




*>*> 



,i ^ jXij^v 1 * <] ■ >1 1 



^>^ J-"; 



jL-iJfl ^ 4jl^.lT fUJI i-x^UI jr^J (t) JS^JI 



^•^1 



>oj*l j^^J^ 



lo^lall 



oLij< <u u : ^j ^jji j^j t Cell membrane 4 jl^J! »l ,*. r ^L 4j1ju 

^jjjbjJI ^j-o 0*"'^ n T" cr^-S-ila (^yS J" <i "n j-a\J ,d aJjtU (»LtJl J^ Mill ^Utj ^JJI 

A 1* ^ j 1 1 A j .u J 4-jIaj cjLjjj-jv <* *j y" cjt^ ti^^j -jj a ■■■j aJu j^^JLILipid 
t-iiLij_j Vlj (j^-* «-« ^*lj *LUj *'-J *-Jl jJL>^ T * ' ""' ^W'J-^ ^J 4 ^ j 'j"'JL>^J 

* Ju* . L^j >Uj^j ^1 4 jl^H £y ^jJLlj 4 jir Jju Receptors or Markers 

I i r\ \ l (j^Jj <4_jL>JI p-jj <-Ji^t>.u iUn'^ (j-"J cJillitJ Cj^ j n*"i i nil jl Cil a < yljJl 
Lgj) Lo t4-ilie-lJ 4j^ojlJI 4i^.jJU jt ^^LHJl 4±>.^q u_9^Lai.u (— alloej («^-U J^i 
Jj-jkj ^^ Jjj 4 *'j * A Cil i mlj -*J->*J u! J^ <4_jJit_LJ 4-tL>.ljJI 4JL>JI ^j -a*" 

'" j ■ ■■ j^ cJtjLIsjj (*3-^J t<Lai>JI 7t In <n jl*J (_7^^ Cj^J j ?t" i n U ji CjLq-ljjIjJI ^JUb 

^j^a 4j Laj ^jI^Jl f.\ mi til ^ylc L^jjjs jl 4aiiNJl j^oj cJtdjJL Jj .4nnii ^jL_«jVI 

4^L>JI 5 j j >■ U (J>.ijL!Li J i tfjjj LtJajl ^i t 4 jl*»iTl r-jliej - (^I^Jl^ - J ■ >■»"■_» 

ZuSlj hj^ ^Ij-lj cell signalling SjLiyi jfc Cr^-3 • ^S^ :y t- -^ lt* ^ Al ** ijLtt 

^ jjij i Lgj ^^oL>Jl J i ii" inlL) ^->-"l") L^jLb *4 j in jUI it aj^^ jl 4^ijj^^ j I 
XLftjj t>jMjj~M mil ^Jl J;^" jji ^ I * j La b tfr 1 mi t II j jJb CjI^jju 4j^ ujJl>u *>jJ-U 

jt UjUJL L^U ^H^e ^Lli>^ J^^ (>• Cascade J}LiJK JL^iVI Iaa 
J^ju "i^ uJl&j* a J i nl in" ^ Phosphorylation jjJ^uj^qJI ^ L^Lua-^jl 
•_jiij <iux>- (jjl Transcriptional factors j^ J^lj-t^ 3l>iJi jl jl>. u_jj-2j ^ 

w ^ ^ jSLj ^ j i3 CjJ stj LLfcj t4 II j "j II I ^__i j I ■ j JL>^Jj (jt^-I< *— »"J >J' 

4JLui^Ji jlLj t 4 j"1jjl>. * "■ ^'a ( UjJI ^j^. ^Conformational changes 

jru jLuajVl I.1A .4 .It 9 u^>JI ^.Ltj JjljJI ^jjLll^JI IJl^jj t 4Jja 4jj)IUU 



^•^1 



^°J^' JJ^^^^° 



IgoJlfg fecial I 

^jL^ Lo iSl^JJI ' -1 a ^^ LjjJI dr*->_9 - <^-j!j^>*1 ^o 4_» ^5^-1 L>a_j _ 4 ^L>J1 ^jL^ 

4jI_5> dJJJU j_A>j t<je-La '» S_$£ 4_JJkJ! g 1 ifu c 1 ^ La stj ^jyjJi '"'N .' *"*' ' "M VjJ *uj 
ljuj i3j_iHjl_uo j-j_c 4_2jj-Laj ^j^VI JU-u >JI L^L>* (J^J 3ju>.ljJ1 4_^L>J1 (Jj^^j 
<JJ -I Jj~ 4_)LJLl *_a n La 5 * ' j Lijj—Zj a_jI^ jJLuojI • '^ ^jjplj 3jlj>JjJ1 4-ujJlJ 

t *tK juji_>JI ^ jjJLj La l-Bj-*j Sjl>-1jJ1 4_tL>JI ^1 ^f c \ -• ^U 4_J^LI,1 4_jL». 
jlu <ATP 4^Lki] 1^ K^L^I 4^iiJI i kKj dUj o! ^1 iSLAlV 1 <>• ^ 

cjWI cjj-uo liIjju ^La ^ * i < ■■" Jj <i **. a_J_<-u a j ^ * ^ u^^ ?r *-*■** ^ j ^"^' 

C^£.L>. (J^ • 4_jo^L_uj 3Jl>.jj (Q_C.Uj (^^a 4-Lg-CJ J t-o^Jl (jS-ti 4AjI_£j LlA, iJj jjlj 
.4_lx5c_jlj /^Sj 4_iL>. JIQj' >>** 4_iULI ^j_4 4_*ii_AJua Cj joL^^a JUlj tZJJuso 4JI ^'* > ^jl 

f j -^< 4J3Llui 4J>Lc. iiil J u ^.-^-^"tt 4_JLc ^'" ■ ■■ ^ 4-1^ ^^j ^Nucleus 

J->.jG J J t S A 3 j > oj uj-aj 4 j j SJLa ^ a j a j j<J->- CjIJ (jr^J ' U " ^ " ^ J T 
«_j_Lj J . 4i^ (Jij *!u_jJ 1 ^jj Ll! I ^^3 J-J I— <-" j Lr^ ' 3 L7^~ 'J p " r ' ?" J^^J ^ 6* f A 

^SLiilj^l 3jUI ^j DNA HjJI ^j^. UI^Ij ^>^3 L£\ *<K o^l c> 
JjVl tbj>li t>9 ug null ur_v^ J^« LS^L^ tPJIj t^UL^ ^JLi-ujJI L^j ^1 

IJUj ^CjLoJ) It oil IJ-Sj-A *r 1 r ^" clllju SljjJIj -J-^^ (J^- >^" O^ (*^ *f*-*' ^IjJ I 

VI sjj '» II Ijlaj t-a^ Mill 1 jla 3I3JJI J_L3 ^Jj (a£L>JIj 3jb!vLJ y-Zj-* cj-^ 
^jfc ^Jlj-i-oJ Ij 4 Lij i-ua i "I ct^ (( l-j^ 1 >» p jj^ ^jL-uj V 1 Lr aj ■ L^j « Lj jlI 1 » j_^j>-^j 

_ jj^ft ^1 4jlr, c_3a_AL<i Historic y i<) "< i n j A (y^mj (^Gjj^-jJl ( j^n 4 a- j i^jOj^^j 

_ ujul ^j^ ?"^A3~* ' ^^ >^ J^3 'D 4 T " jV Pjl)*"^ L^JJ-^' J- J i>^' u^ * ^ J-^J 
jjl Jual^JI^ . ^ 4 n < r> 4_j^jj ^^^J c3^ *T J J-'-^ 45La^>. '^j-^ ( nlj 1 o li a LaLoj 



^•^1 



2^jl\ jj^> ^XX* 



" ■ ll" 1 • I I 



ti*^J1 ^^Ja LgiSLI ^Lj>oI (JS ( _ 3 3 3j " < j a j SjjLuua 4jj"tla L^JaljJol j)J-p ( _ 7 jJ !j 

- 'jj «{C«lJJjl)> JLaLj_>Jl I g' ■ ^ Lal_4->J ' t ' i ^ i ' ^Jj S, i A, i d\ tl .*:." a A ... rt t 

'^j ■ ■■ j 11 ^ »j**' . ,. j^ tl jjrOj^-jji L-aaj ■ La ijj a 4-ISJ t^ ill "i < flj l_i.«- JjILq '^J-Sj-^l 
4_1L>. ^^Ja 4JI JUj . j ^t*^- ^ J^J ^jJLo I j 1 n^*r a ljLja_i!L LLaLiJjl ^Jlj-usJJ 
.jT. ^S. ilj 1 1 g , ,, a i ^j.4 ' " « ' j i j uaJ I /cLoi-J 4aI_4-u_ajVI j^Jb (j^ 4_lL>J I jJj^jO 

jj-k <_ ;r 3 Jj-^-jJLI Ijl j «-j ml ^jjjj" mi i II (j^jj^H j ' n " '" J (4_jjLjjlJI jljIj^JI 
.(f) JSLU1 ^js UljJ U£ iMetaphase ^j\^lJ^\ j>W1 w - - -j 









U )! ss it n u 



M \ Y 



II it ii x« 8* u 

>r u ^o n w \a 



8 9 SI *» ft* 

\^ Y* Y^ YY 



ii 



4^3 *j *; -^ i^ J-H^ LIa^ . 5 t j hi ^ Karyotype - ^ i 1 1 ^ T I Ja^aJJ 1 o^uj (f) J c - u 



^•^1 



>oj^l J^^^J^- 



(0aJIc9 fecial I 

(JjJa^Jl ;l-i-J>JI CjI J 4J^JLJI JiLa LjUj 4Jj^a 4_JL>- ^ ^-j *" dUJu SljjJIj 

Jt Mil i^l-^lj cjLJLj i^iTI^ j(j>ijjll JVj 4_Ja ^*j3-*JLI *UL£ (JjL-uj ^HjjJLIj L£>i]t 

L^jl t^->- (^ ^-Ji^ "ii.ijl ^t <lU Uj ^^"l mil (2>«VI ^jjSL-u 4_I£'Lj-u L^jLS JJ-iJJ 



jtjJi-A ^£ 4 U 1 im4 4JL-ujJl r^itj i t _ < ^»l^. tjOj^jj 4 ? In j U SljJull ^-ij-^J O^J 
j^j ^ (j . 1 " I" cdJaj ^^-Aj *3jL>. 4LJ <ya *>>*^>- t>a ^H^f U^ l)\ . ' «"N ^ 
Roughs. ^Jl jl 5 . , ^M 2L-j^j>LjjJu)M 5C ; .Ml J>LJ- I 4 s^U 

j j i^U du ^ rj^ 15 WJ! ^ n ^ fO^j" j '"H ^endoplasmic reticulum 

J-^-l-i L^-J^ q ill < t \ rt~ J Ij OJ ***■ J "W ti.Sj t "l 1 nil ^IjU lLUJu 4 J jJ A t A j) ~l "*i U 

*/i *j «LJj» y^ * £y* u^" o j » ,j ^ ^Lj-j^a-c (jr^j Ribosomes a^j-l^JI 

I A.V t \ L^mLfljl 1 La 5 j 1j (jl J-J-S - I J ' ' ^a **■ SfcJJ 1 jC . ,. ^jj rRNA ^ A J ' "J t * JJ ^ 
LjjJl (j_^d3 ' 1 d * J ^J t*^^ Jjua-J >o 1 « $ _ SljJjl J->.l J (j-& I— ^-J ^-flJ 

4aJLy»Vl ^UjvVI ^aj ^LiJI 0L1J ^j^^jjjJI ^Jl Ju»^ j^ tRNA JSLUI 

^_l£; 4_Lo 4_»jj_ijj SjJisaj Jj_3bAJ 1 ^j ' ga **■ j ■ ^jN ,'j" j "■ " f 1 ' " >■ 4_y^ Q **' ' ^ 
^" ■>• (jrOji^_jJi ^LLj Sju>-j aoLuuj djLiliVi 1 j La " j * cJiibj t4Jl_Lj^Jl L-Sj^_>. 
(jr^J—^J-^Lp LJ>^ * .'J ^-^3 * 1 J * '^J cLa-JuuaJLi <jjl ^-« j—i-u j-jj^J i gj 1 "rj 
^JJI ^iLjl^ UUi 5 .-../^l ^La-^1 u^» ia^j^JI ^ SjLl^JI 4V. -<l^ 

^'fifl CjIj tujl^j 4_LJ_S) oLjjJLJuJJ CjL^Luo|j Cj1^j^>u Julj *4j]j*j^j 4 1 mini 
jl ^ "w ciJjl mi^ . 1 g jTj 4— >■! "hTI t Ji! (^ JL-j-u_>JI (JJ-Sj 4 n j In j Ol Jj 



^•^1 



^°J^' JJ^^^^° 



^LiJI jl_J>]( jy23j—i}\ ^.j'i ,Vt 4 jio r ^ Golgi apparatus ^^J^ 

*L*_il ^^ JJ—ti L^J 4 f*^ l^ 4-_^Lk ^1 r-1 "j ^ 4— oj\ mil ol jLa til J£j 
cJiBjl jl cJu^L>u CjIj » 1 J jKit i 4 i ili j 5 j j t m Ol n j ' " > 4_*_L>Jl AJ^Ltj)"i j t » 

jljJal (^j . Mitochondria LjjjujSj nil jl cjI.v n'U u o ■ <n 5j u< 4^UJj 

jj-SjL>Jl uLt^j>> L_gj Jji Jujj 0* T '" JM^ <— J 'J t -^ ' ' 1 ' " "*" cr-*^ 4^i»UaJI 

i*Li_^Vl l-Js ^ f I j ^ j<T1j ^Lj^.j^dJI (jryljJs dUJu 4 5 ;U ^ -5 M^tl ^3 
aJsLLaU L^-LIjIj t$jj !>l )4"i otVtt (jr^jfj 4Jj_j1^ *Iafi1 ^ O^U 4j^Lfc-jaj 
43UaJJ I j".j~. jj ^L>u1 ^yS L^jlAOj L^jj lil 4j^ V 1 11 It [jj *>Lo^U SLpJI *,J3Jlj 

£j_L>Ji j gJoj idJju ^yjfcj *3L^>J1 jll^ w ^ 4-ti^JI w 2 '" j cj^£.LaUI ^1 ^-^ 
^j^ 1 c^i ^1 ^ilJjLj ^j .^Ij^JI IS^oLujlU ^lill (j^A^l g^iiiJIj 

^\ iZ*\ Li »Jt (jjo 1 g j ^ Ijjl-c (jj-5ej ^Minimal genome Ijl^ j^^ 

4 j 1 ^ J I a| 1 11 n iL$ 4 ^ 4 Cj I j i <i r ^yJ-C 5^Uj 1 nt I ^3 A^Luij LjjOjj^j ' j U3 

^ ^ Apoptosis «^*j JU I 6~.5— ^j J^ *L-*)jL*jj Lbj_4M (^i^. ^j Laj l^JIj 

^3_Sj Microfilaments 4-5_j_aj 4 jm'ij^j ioj j v jl^jj ^jN;j" j ^JLj 

j tins tpL^jj^ ^mv„j» ,-.iMjU,,.i ^^j Microtubules 4a^jlH l-l-uUVi 
Ij^j l^-^J^J t4_j_L>JI (Ji^lj J-SUI oLj-Ltt-c (^Ja jl^. 1 i <nj 4 4_aL>J1 cj! j-L>. ^^a 

4j1q f ijr JA /o^Luijj 5j j i S f*j^» ^j^ j> o -»-"n L^jI L4S ^4-jJJkJI J£^J 1 j i j*~ ***' 
^3 l_^j 4_j_L>JI (jLj3 (_p=>j^t ?c La 1 " ^^ ^ d ~*.\\ JlLa . 4__lL>JI a! ■ - 5 * 1 ^-J-kaJj 

* Vesicles ^^ '^^ u i -" s jj *" --^ <^'>^ j* j <^> (^i^ljJI LajIju^ 

t^ij "^ tAJ^Lij*i j ml! (Jj>-Ij ^1\ I ^ c ^Lljl aj 44 jt^tl ^-jLi.. p-* >JI S^j ' ^ 



^$1 



>oj^l J^^^J^- 



frLT ^l ^oj.U jVj ^ 1^ <uJij 4aiiJI JiJ_> ^ ^1 cZjUjSJL! ^ 1^1 tjt - J^ 
Js> 4j^ I ^*~ru - a j^ n cH^' J^W 11 «^L"Uj (^ L^jI Ji^L*j ^jJI 

Cr jbj t Lysosomes 4JUJI ^l.,.-wVl L^ul ^j^j'j ■<■!! ^ >*t-£j .J}LU)M 

t CjMjuolJ3_»J 1 ^yB £jL>JI ^j^a 4_tL>J! Cil>. 3 ^pJl '"'N ua^Ilj LLojJI j j ■ »^"« 

. ' 3jLjJU>» ^Llj ^Ij-aS >j!njj">j r nil 

jj '<_plj>II 1 $ y atjj J ^LaJl JfLifaJl ^jL>o ijJJIu ^^-Aj . « L^jl£l>oj»j I J C j "« 

oUa^Ll^Vlj *3j_>.1j 4 a j j ^ 4_uLg_Lli L^L^^fc ^ cjLi^>. 4 ^j A (j^l^ 4_<3 

SjL^U 4-jjjJ jM i—3j^j>JI J-il! jl 4_L^w j^j_jjJ I jl 4_jjJij^I JLc;l^-5JI ' r *^j3 
J^-JM M-J-4^ t^_^jj->JI ^JL^J J^iTl 4jjl>- ^yii l am iVl jjfc La jJLoj t4jjljjJI 
- L-iJj-2u _ «— £>jj -jhH dJuA *4_ijlj^JI 5jl oil c^j-j>* c-dJl LIjLaj (jr\-j^lj 4j^Li 
(^ c_^jj^_>Jl tfJUfc J^a 4j^_>- ^ J o t j (JJJI tJ-SLJ )4 jiV J^ ^Ja Sjl^^Ij 

JLSj^ / y *^ Tissue specific (TS) genes 4 L « ; *j uJj 2u^L^JI cjLLi_>JI 

tOJLufc La ciJIj^l Lflj iOJLiA J o t" Vj LlA Ja O L^J i,l mi t^II 4 -y ..i'iI 



^•^1 



>oj}M j^^^J^- 



^43 * La t ,1U ^£, Jlj . uJ I ^LoLdJI CjIjLjIiVI L#j O-4-lalII ijLa 1 1 j *"' a j k J 
^ j ■^'*" i '* Jr a fj La ■*"' J ^Lu>> * >jua_u 2j r 1 j q C > * ^ ■ "*** 2r g-La-u^ ,* < ^ -w. 
t j^a j^jab *L>. J ^ Mill 1 JlA t La} J4J (_^L>» J*V mi L$J »1 t aVI 4 jlA. ^1 'i <i ^ 
Cj^Lftjv. li 1 j -*-U . ,. jJ^SLjj i^^-J-^ J^ mi 11 4_jJjJo <j>5^ O^ (jr^JJ"^ ? J *^>^' 
CjLJT JLjvjj 1 ^ 1 V 1 j j i^j^sl i/>1a V I ^ La "■ 2>juj <_r^ U fl *"' CjLsLaIIij ^'JJ-J 
£jU3b JSjS .4^JLlJI L^L^Jl ^jjl ^>Jj-4ji f4J ^ n" o 1 1 a! «U*1I «_a J.al tVi 4_Ljjua 

ojj J^tU '■■ jj'^ ^Ij i^UuaVL 2L^UJI 45UI Ja 5j J^Jl cj|; J? .TI 

CjI M^tl tj' ^-^ i^XaUJl CjI m-^TI JJLv. (^JJl j^A 4_lL>J1 jSLti (j-ojJ 4jI jj»-T 
^yjJlj 1 4 J j La j 1 1 j ?rj in'fll ^-i^ULI ^JS ill II 1 7\ i t n a CiJJjw cr^' Cr^ 4XaL*J| 
dJJ J^l aJI .4 i j j II JjJzuu ol L 3hJI x-yaL^-4 ^-a LAjj^i *^o Ojjl-v.1 LAjjJlj 

((jLSLajo _3 iLjJI ^^k. ijt^aj^JI ^.Ila ^j-3 (jJJ! >a Zygote 4 ■ in ^,11 

(jLjojJl ^jjl ^jLSHI J ua is JL>-I ^ jl^" mij Vj t^j in a 4 j o frl jj LjLA J/u-JujI 

Lj.aiyi ai,„l,M HI ^Ijl^VIj Iju^ ^JLI ^mI^TI ^LUl jlU_3 . IjuI 

HjVl 4 jlr ^ L_« ojil3 o* Lr^l *-jj) *U 4_j-L>JLj J-3JUJ ckiaitj j^*^ 

(^Lj jl ^1 . Jj_a <j_a Lj^ii L*^ t jL3.lj tji^ur^ 3kj-»JU 4* j Jlj oLojJlj 

^^^Jb 4JLu ^J9 La 4al> ^-^J 'f*' '" ^ ^-^ L^L>J1 4j>^lj|j ljL>. j ^.i 1 1 (j-t_L>Jl 

(jr^-J LsJSJ 4-«JdJLJ 4Jjj>. J-a 4 S j j II 4jse_iij ajjljj>JI p" m il Jr^>.j *l^J^^ ^J-*-" 
(j^ua 3e "11 ^IjU (jjJj tjl— j-1_>.VI i * I h o j ^oJ *4jj) t a 4 j^ ^JJ j^m V *t j 
1 j j a j La j i ^ jl a je a JU I j j Cj I j i 4_-3t-a j—jJ 1 4jj t a 4 jlV xjj^ I j i \j-£. Lua 
JjjlaJI g.l.t aVl jljl^K L>L>JI tVpa L^3l^-j>.l »->a ^-^Ki^i i»lj til (^^aLuaJLjol 

?l JJLU o^^jOII ^Um.II j^ oUIj Ijl^ iSjj^ll cjLaLiilVI 1 j £j^U1 

ajL^JI ^IjuiJl 4j£.jj ^jl (Jj (Un*^ I JlA QJjaij . ( j^al i n~i a^Ll J»aL>JIj aj rr>^t,l 
< 1 1 ae j Ly lll lTj! ij^ll 4£.j^5e->a JJLa^ ^JJl j-A t 3j£LJLl StjAUtl JLU SjlaII ^JJ 



^•^1 



>oj^l j^^^J^- 



l e aJ| c9 "4 f liJI 

L-A t *y -r \ W pjusJb (jX- 4Jj j hi U oLl_l>JI L^' Wh* "U^ - i ^ l£ j ^ JUJU£. 
^j.in mi 11^ (^,-C.j-jlj tufJj^Jd ^3-^ lV 3 0"H£>-^ (O-cu^-lo Ly jua-fljlj cdjjul <j£-& 
CjLxj^jI jlj^Jal 4-JLjJojj ^j-^J-^J icJLjlJj ^ — i scJLa j jr aj m v <_-Jj3 ^3 

jLa ,oLsLlI]! ^T <>* <^JI ^1^1 ^LS ob -f>=*U 4 o .XL* oljl — ^ 
LiLiJI L^IjI i<\Ar t-^^-j La£ *L$J1 ^ojLUI tiljVlj jj^j 1 : -■■" jj -»<"t 

LJjJI ULb ijLia^Vl iJj-LM 4j_lJI L^jjI i^I-j-Lc Laj 'i^y-i J^ r*-*J t 4jljLtJI 1x1a 

* \ I «^"| L-3j^5C_i (jr ^i». jN HI (^^3 4-AjUb l \ "W jjj Jill (JK lit! j^ ^_yjl Ml "Wl J^yB 

Lufc 3j inVta 4-jJ^x C-»l 4_ilt" 4 <j<ih (_ y ic 5jjj>.j_« ^jHJ-^ (^>l» '"'J ^> tujl flK 

l-JLUI 4J ^i QjS: L-lc"> L-^Jl^ L^LJ 4-ijr^JI 4J ^n- a f U? L>L^JI 

l^^yjl M"»- (j^ *^^ * (Jji r"i" mJjj_u IjLA ^- < rl iS J 0-^J tjl j"^ jlj 

4Jj-Uj w ^a Housekeeping (HK) genes 4_iiiJI pjj -» I 5^jjJLI djLu_>JL 

'"'-! *• J-^ *"*^ V J Mlllj - I A J j in <"i J J ^_ ^1 JUJU ^^jJI 5j_AU,l < " i J i II 4jJ 

4_Sjj>Ju I u-^Lc I >- j "1 ^ a Gj J I lLUJu i La * "*■"■ is _ 4_»UH ( _3 3^uL-tJI ^j <a ■ ^ -^ " ^ 

'"■* U >JI 0-* *— fljj *"ll Ij-* j j tj jjl jJ-uaJaVI (j I ^j^* ;^ \£j±3 .3Lj_>JIj LLlLs 

3 JLkJl *LL. ^^Lc 4laaU>ai j? 4JI j ,ntl £A Li > (^Jl 4_iUJI oj>-^ S^jjil 

'j"a ^^k. 3 ji^ti fr Ls_» o^ 5Jjj-uiJll oiij gJI wJ 3 b Maintenance genes. 

4_i_L>JI *\ hi rt'tl 3jjJ 4— ijlj ^"i ml (jJLc 4 h *^L>JLI J^L^ (j-* »-^Jj *5Llj>JI 



^•^l 



>oj^l J^^J^ 



'k ickaJI'dyUaJI 



i>^N 



^Jj iljJb L_*sjj ^jJ| jj"- >-oJ1 jy^lll JLLa L*jlj 4 ^j a ~~ a L»jj-2j oLLl>JI aJuA 

4 jl-^ ^jl iiit^fi .V m>. ^3 JL>^J V ^lj-4— skII ajJi U^L>- g-1 ill < nUj i<Ljii^ 
iljL>. ^j-^L^Jl ^yjljjJI 1 fl ac alJj-J LgJ <±C '.\ -*\\ 4-jL>JIj » >J 'j > i ^.' U"J^ 

'.** ' n ' •^■^ ^^IjjJI *-joJL1) ***" j* t * A 'A >s* <^a **■ ■"* K' Lj^L_>Ji (J& i j i JUjvoj 
^S Ij^w ^ysL^ t^tjj J^LJjJ • U-La 4 i'n i-O l L^U 4_j-c j_*JI i_iLkII 

<\ t-Vi Plasticity - 4JjjlJ J-S-fl rn m. ^J^ _ Suj^j^a u>-^ *<!« c 4—Ljji» 

!j$J (Ji-ljJLi j^wAj ^jJI ^illj 4 j mi" 3Li>. JL>.yS I ^ Lu La jjjj* L^L>J1j3 . I jj i ii't 
tjj tj-i-oljluj -jufcLalu 1 j Lu La ^JS L^L>JI jjl 1 'A A \ jl f ^^ 2j -j^-' jSLiiu 

Uu« JULjf (^1 cLcaAJ _ >Li^a 4_uC JU>JL^ _ L>L>JI ^^aJU jjl Jj uln n *^ I JUfc 

QjuJte II | jj-fcLJ_ajuij fUidiJu C< ^Lui (jrU^ )^Sj ^SL^jQ ^^.lu! (Jit C J J I -^ **' J 

ij-uj^j (jt £.ju j^>-Tj Connexins lZj^Luo^JU ^j^joj ^ o < nj 1^ o ^>t ol ajjj^j 



l£>-$\ 



2^jl\ jj^> ^XX* 



tj-u f-i^-aJl £yi . 4jlV IT <j-^-jL^JI 4 * jj 1 u JLjuaul JjL-ujij jl a *~ « uf OjL>" 
a^j inliSJIj Aj|j(i»Ljj-Jlij ^^j^jj-<aJlS 4-xjJulII j^loLIaJI 4_j_L>J1 Jl>.Lj ^£jli«Jl 

^y^J >(Ji <-^ajl CjLjIjj (j-* LAjI^V *»- ^i-C I— a 4__lL>JI *■**' flJ L_ £jj ' 'JJJ b 

4 j ifrjJIj 4 j'm flVI ^^1 o -wVlj pi i jal" j al\ LlajI (JIjJ ^jlSJl (j"V fl>^ 
SLpJl 4JU£U SjbV 4^jMJI ^ji-Vl 5L_^ljLiJ! ^l^il J£j ^IjJL-uAjj^Ij 

j! *3jjL>«i1 m^>- VI LMSJI ^immiL^I (c^JLl ja l<x&j J i rii ■ n"i L*£ .J>.IjJIj 

£ya L^L>. Cjj-4 £jJL3* ^ "i a u-ASJI j^yfl dJLlib ^j\ Jj-33 3jLJlJ J j a5 • uJ L^jl 

j^O ' ** i ^- " ' (j^jil SjLiliVlj <4_ijjJu ^2-9 L* j j i -^ A j d /A dUl^l d "*> J "' * *_i_L3JI 

« J^"*- * I ;"* ^S AjJI ^Ja J- '""" '** 4^jLj-4^S jlj^a iCdLa jl O-^ual (_yJ-JI L^L>J1 
k^m t" i njj («JL-^ J-^5 4 i j f rt a 4j ("il*w JU3 t fl.nl I JjUj 4 it^LQ J niTnf I u^L>> 

jjj J I ■■ ^lt 4 i4JSJI pJ_J (3^J 3j J I S CjLSkJ^iJ OJlj>o LxAj . 4jJL3fcjJ I j n 1 g A 

^^1 opa ^I^aJI t> ^1 ^ W>^ 5 :; l:;n 3jLiVI f-iU.,V. ^ J£W 

i u_)j L5_H I j 4-AJ jl t— Sj-JU (J-j tjJaLUJIj 43j-iJI «— Sj-aj V aLj (jjL aji ^JS jJ-4-JLJj 
4_ : tL>* OjL^ jjl Ju-4 uLa-i uaJl J nj^u i-uJI (j^^— ° J ia ciiJj Cjj j >■ Jl3j tV cJu^tJ 
^LjJU JU>J ^Jj3 idJ^LgJlj jLajJI ^J^olj^, LfcjjJu ^jj S*a K,«,>> 3jU_p»J 3j_>.Ij 
.^jI£uJI aj (jl^oflVI «j jjLjfcjJl Jju _lbo jl aj 4^j-aJI JutJ jjl-ar'n ^j^q ^ m^l 
LaUj {jr la ^ 1 ^1 ^Ij £^a>J , 1 ^1 I fl'j; Lja ^ Jl inlVI Ij-Aj Jjl * "H I JLA3 
VI 4^e_aj-JI tfJLA '**« I i" •-! La ^^JbJ tjy-ajj V M-^j Ij ■y'j V Uj^->> L^a jLi^JB 
. ajjJI Lfei^ Lfcljj c^l ^?=-^-^' aJJt j^tj Ll^j l|">t* A J (jr^l « * 1 1"* J I j"'^.* 0^ 



'^•S\ 



2^jl\ jj^> ^XX* 



I'kJiJI 



LiJ3j-_C.j tC*jl cJta-Sj CujLS < n jS _ LiSj^-C 1 o S _ 4 j \~**\\ j _ r Jfc ^Jufc ^jjj 

I jj tj j "XT I 1 ^ r c 1 f <tlr Jl-o-5 j^-l o^-^ *— 1 ^ eH* (*J-^^ *f*>i-^ cr-^ « ^J^ 



^ ua a (jj-A La lO^ 'O^ '" »j (J-^J CjjIj Ul OjLl^ 







^•^1 



^OJ*! JJ^Ju^ 



3 



*jA **»***» 






- 5Lj_L>^'j i3jl_»Jj ^ A± L_La 4jIj Jij *4j1jlj 

(^j->ij 3ljJJ'^ i3ljp /yic- (^jlxj (j! t^-^gef - Lo."l>- 

SjUI _ (3^j L-* (J^ 0^ ^J y_$ - L^li^lj l^j->*j 
L*5b 4-JiljjJI 3jI1I J' <£> *(DNA) 4^31^1 

(JJ-i 1 4-AIJL->J f- 2 l3 jl ^ 1 "' 1 yj Vj <4-_lL>JI 

<3Llj>J1 L? ij_^ L^-Ji 4-SjjiaJ VI J^ (^Jl Jj^. ^^j, ^ j^ L^ 



^$1 



>oj*l J^^J^ 



3jujl-iI( 4— j-c.jJI ^ Jla 03^ o' tin 8 -^^J i4 ^-i- £ ~j^ J * " '" o' l>* HH -V* O" 
L^jl J *\ j >J1 ■ Lmq ^j La-c c^jLS LLj ( u^>j)j cry ** J '"" *^j "^ ^^-^ cuLs 

4^jIjjJ1 L^jjLo j^Ja 4JjoLSJLo 4_LoL£ 4j4_jj* 4j l-'w uilJj t 2> £ - ZT**''.! ** ^-oljj 5jLo 
(^1 4jjIj^JI S^LLI t hjuaj L^jIjj ^j^ i ii j ^jl f^ya JuV t( _ 7 oJVl L^ y'T) (jt jJI 



Jii. j( ^^Jii j( SjLj 4JL>- (_yJ3j .SjLjj Vj L^ j*^ tjl <^> aj V Luolj) 1 j < > t^o TV 

xjUJI jLfl t 4_jt^j^JI jl (^jlll ^jIj-j-jJI jjja (jt ^ 4_jjIj^]1 3jU1 < rr <^>'t ^ 

4j3tim 4_4AJ^jJI Lai . AaJL-ij j^£. iJLpLjJLi hj\Jl>J IjUJUiii !M-Lk ^J-a.^*-) 4-j r ^ V n 
1-^ t j a. % J Jj 1 j i i t r> LI <U ii B (j^J (j* * i^iti JJljlII L^j ^yaJl ^y^-S ^ o jl i nil 
^J^V I 4 j I ->, J I ^Jfcj d **■ SlI I 4 irtj^jJI LbjJ (J3^J ^^J * I uajl (ijNjJUi 4 «i jl in 

CjUl i T tVl ^j w ^l r.M JjjU tl 1 Aj 1 j ". A Ju^dIjJiJ I, I JJ (j\ 9 jU~l MiJ ^_yjJI 

. 5juLtJLIj SjujuJI cjlj^trJIj 



(Zygote) fUill ^Akri §i 2AiUf UM^JI. > 

oljjL-5JI djJalj 5 y. : : r \\ 4-i£.ju>JI 4jiiJI L^la ^13 l-Sj^ ^Ij Totipotent 
ojuk ^_j /^-t ( ^j< ijjl . <jjJ*y\ L>UJ1 ^j<t> ' frLo Ji " - ■■ U^ iPluripotent 

<aJLcj .^j^.^ ^-"tl iJLx. Lj>LjI*JI U^jMjj jrtJ^ Sjlj-^^JI 5jLjj_aJI 4 ji^H 
(j3 ljj-i-" L-^AJLJ ^jl - ^jLaJI ^JJJ-C- - Lu jJL^VLfl I jj S t \ ^i iii "Tlj t_u^jjj| 



l£>-$\ 



2^jl\ jj^> ^XX* 



0' 03^ t4 m tt tlLS j_>. j(Lj I 4AJ >»l y-j "i a j t o-Oj t4 irn^oJLj (^jJJU Jj!jj_>Ji 



^^ LiJLtA 4_±jLaJt «4 i^j^jJU t j^ tS«* jj 3^ ^j^a lt^J' ^° J-^? Ti-^ '^cr" 1 
^LLtiJil aIJ^kJLj lSjju (jjjdlj jjijiSm Laj i^*i^> ^_y3 4laj|ri t a t^>.^Jl L ^Jd^ 

l d j ^ ge J L$j .Uj tj ^JJI ^jJLuj^j^^j;!! rLUI ^11 j .zonna pollucida 

«-* (^j^il U ^ J) J ** ^ C ft*"' I J 5lgjJjJLC (j^l^. (JjJ-i 4JI Lo^tt^j-u (J^ lg*/f j 1 1 j^ 

3l^jj 4uiaLJjjJl 3ljJ (j;j_^-iJ 3jLJj^iI1 3jUJL>Jl 4_lL>JI L^Juft Qj^ **'**' cH-^ ^-*L)3^ 

ljufcj ^\j -j vVl Ijla jljuj .4 »>t^>^JL. Mitochondrial DNA 3 : ^ Jj\ 

.(Zygote) 4-»nla 4jiaj^j <_JiJ l^jlr j-litjj ^Ij*^ 



• •■■•, 



(£>***) jji* vj'jrf 







(Zygote) 4^rttU i^aj^JI JjjSJJ 4.^j^JIj J^j^JI jL>oI ut^j (t) JSLiiJI 



l£>-$\ 



2^jl\ jj^> ^XX* 



liuiill 



( ^LaL£ IjjJa £jjj Lr^^ ^L^u_iJVij cL^jJI L;r i£. £j^\ SjjlSJI L^jjJ^ . Laj^iLqj 
tuj^i 4-5t_iLLI <jiiaj^jJI jjl <«-^j cr^-i -^iilj J^ *L>,9 tin -^j^l »— ajL^Jl j-*j 

jijL* (pb^ 1 r^ 11 ^ ,:jL * up* 'Q j v - ^ *"*) <>^ ch'jj <*^ ^ ^ 

LdbjjLLtfMa ^yjJI - d Jfc alii 4 ' ^^j j 1 ' AJ^~Jjj"iu. a CjLjjSLo ^^jjjj 3^.j jrf-ig.ll S^Tifl 1 1 
pi y~M4S <jj2. SjLjlC aj^Ljji" j i ii T I Cju^SLaj i3L-t>Jl 4_£J ^Jjjj _ * j-LaJ u a^I 
^-l^UII ^^3 aVI Cji ij "w ^-*Lj Cj-jjXj 5jji sc a cJljUoj CjI j 3JUJLC 4_jJljjj^j 

^Ll^cl ^^a I JLp^ iSju^^l 4_st_iULI 4jua_j_^JI 4 -ilj» ^ J^ ^' t ^ J ^L> J ! t - 4 w ^ 

t$ji mijC C( 4-u aJj (j<-4^ fa- 1 * Lj !M— >> ^j' (jJ] tj' " J'"*"'* p ' " ^ '" *i£,Ltjj VY JLjlj 
4\yc JJ<-Uj - Jj^ A JL&J 1 ^Jx ' L * I "*•" > * Aj , ,<j i4_ujIiJLj jui^v <jr*JL>JI t-fljjuj 

j <sij p i - S uj ^ ' •■ £ ''*** ^ji Li^ sell j^j^j ( jJ^ 0' Cy* ^ j-jV jJ a! mi niVI 

4jL_^_j ^3 u o miJJ (-JjJLb Slid ^J3 ^jil 43ljJoih» (jrcJb«J[l suLljj . 5Lj_j>JI 

l^'ir ilijjtiii-o ^hJIj - 4.2UJI j? Blastocyst 4^jjVl u -<; Ljj^Sj 2lLwjJ1 



^•^1 



>oj^l J^^^J^- 



jSLmJI u ij-i?)I ^oUill 

Marshak, D. R. jl edLijLa j>^j <?jl£I La Ijlaj t L^ ,.n p^>J1 5 j j ■ < 
LajjI q Lsfc j ' guj LaJbjjJij ijl"^ >1 u"t 1 jjl ";j\^.tl ^jLjLa p i ^" pj i4jcL-ij V"\ 

tjt <^jJ ^j *LaLaj 4_ajl U"i a L}L>. oUj (^3 j^j , ! JlSLaj LuLu J-Jj^tj 

Totipotent 4lal£ SlojLs o1jjl£ ^IjjJI L^^aLJ^-i ^ «ilU" L^I* 5uL^ J£ 
)oiJj L$J £,u! >J J*L£ jri-L>. pLLml! ^ 3j^ nU U^ic }L£ j<^\ cells 

^^Ulj t LaL*j 4JL>LLaali AjljJjJl 4JL>. ^yS Jj^aJL OJlaj La \lxJb q\ *-fl^aJ1_a 

^pxLjuJI jjj8 4j>.j^>%JI <1^jJ,I dJJj ^^ 1 (j f ^1 + I J^C L^L>Jf J "it l"*t 4J3&-LJJ * "■" 

<ui Y • * * aLlH j^j Gilbert, S.F Oj^L>. . j <ji jlu . 1 jl>. j<,.U ^'j'-^tl 

4_lL>> 5^ mi r I'fui jl ^^jLqS dJJju 4 jl^ * _ I fl'm a! '■• SjVI ^^ < ^»j *k- 

4jI "<^- .11 4-Sj^sj Johnson, M. H ^j ' ■■ **j^ • ^ -J^j L«^ / Tt ^ 1j£Laj 

ljJ^" i^i"i*^ * u5L>Jl 4 tli L^jjj*. jj^ ^-^J ^ti* f J.* ' ^J^ JjLtjjj J-t^l^jj tjl - i i / M 
L7^ ' "J LTpj»>-^l (J** ^^L^ 4-I^lj j^ja O^H Oy3j-> Oi^ 1 C^ 3 ^ * i *> > 

o^jj ijni n [4 t>> %\ L>LiJI lIajjJ (^Ul olal ...U ^ » ■ Sj Connexins 

jj^ J-i-oij_jjj Lg-JJL3*J ^jji_>Jj ^S tjnii ^^yJJ I ^ i^i 1 1 L^L^>J1 1 fl J«a jJaJj 
jUu L^j 4 n K U 4-«jl_5ji g. I t c 2 \ 4^ajt a a t j l^**i ■ uj ^*i t^ ^^ol ***i"j L^djjJb 

L!vUJI 1^^'. ^1 U1II Ijuj L>UJ! Cro oU'AH ^>Jub J>U ^j .cdJj 

i-LJJ J Sj i ^j mS 1 1 i j (j;^ i-( ^1 4—j-L>. ^j-ja CjLj^jI j-4J *i*j >» if^j *i-Il (_yi 

( j^a 1 akj j c IjJbj t La 4_i^Joj j I La 4-ILujj 1 ^ - ^ 4J^aL>. U^^J- .' ^'-t>>> 
^jl q "nj p '■■ ^J-j^a j n '" ^"i -w L^L>J1 1 ^ jJl ^LL_>o C_iLa—i_«ijj oljLu) 



^•^1 



>oj}M j^^^J^- 



j n i j ^yiJ ^»V1 ^>-j (jy^ t^-i^l oJL->-Lj (^JJI ^j-^lj— oJl «_juo^JI ^-A L^o m£jj 

1 tf> V V"j (^jJI jjl *> oil Tcxas-uaJ I *ju3^JI La ijj>.l ^Jifli jl SaI ht**- jl jj-flJ (jj-i 

(^j Anterior - Posterior Axis « u< ;l-kll . ^LaVU j>^JU 4-uaLi. urU^JI 

Ml 

(^Ic 4jIjLjJL>-I (jpJa jl>.j 4Ji Beddington, R. S. ^1 q&jLLjji xi . j J>-Sj 

dLj^Li^ Jj^ i"i"iT 4 ofl a ^rA-Ij^JI oLaLsoLa i4jL»U 4_^^>- 4^>.^ja cr^J .(ItLLnJI 
^^ Lr C Llt-aJ I Tc-Loiltl 4^4>r (^Js 4j«i<hVl ^^3 4jLc 4 K ni a Jj-4J (^y^J i4jLua£.1j 

f^& (j^-L>Jl V i ii ">>■ JLC i i uJ ?rj tc i^i 11 *_u3qJI IjLA JlJj ">n> (j2 <-dJJj ig>J iW J(\ ilit 
J <w^[ j ^^J^- t^LM^J ^y'jjJl £j«LJjjJI (jr^ ^ ^ a > tu >^' ^£b>^ ^laJjJJl Ly ic ^jtuTl 
JL|_d3 jJb Ur^' ^-^J^^b 4 jl-vl jjl 4 j mj it l^jLLaj lILIJU l^jjna (^tj jU JSLlu dJjQJ 
*bl T , , » 4AJ1 1 <j t ,h$ (^Jl LtliJI Oi) 1 ^ 1 Cr^ *>^J1 c^ CjI JJL) 3US;ll tf JUfcj 

jl 1 o £ t( jii<i '"i^J j <i iillj jjlajV! obj^ *^L1J-^ J^L-JJ^ *4Jjq frj^>- 4jV 4Jj_^ {jA 

i^^liJl 4 l^S ."i") (^J 4a3 ^Jjtj L*^J >*^b (J^J^ ' < ^- 5 ^' 

^iSJl jj"i i it j IX La tCil ij^tl ^-^>Lj *m5 tjJjv^U Ij l^ia ^jLljJI (L^iS 4_u^Jlj 

3jiLII JjkIjJLI ^Ja (j^Lnil Ijla Jjij !^^b ^y^l LULc ^ ^IjJ V ^JJl 

jijjLjj 4jLa LuJlI 03^j (jSJ (^jJjJjkJI Juu Usj ^ i j i ^ 1 1 jjWill ^^ S^i-Lollj 
fr( ^;jj>. jji-lj oLjUa OUx>Jl ^JlA (jl Llx j^Juj ^jl Ju^iJ .OUjjJI j_A »4_Jiw 
CjLUjk «_4 (i i-w ^Jj 1 t'ty 1 4 -* dill 4_iiajj_jJl Sl^j l_a1b ijr d dJLlA «-jLdJ( LjjJI 
^Uilj 4-4-ljj r ii a 4jjj Mill f^Jb 1 n^ La Jb ^9 CjLLl>J1 tf JLA <aVI fft-^j jl J^J* u^L^ 
.J^al S ^jl uul ^jj^^j j -- i L—dJ 3 4j ^ i^i 1,1 j *q ' J'T^H cr^ 3 ^^' 3jl j fl ^y£. 

jjloj J» t"> 4'nt a oLLljw Turn off *-£ ^J j-^^h ^U^jJI ^ 4J£ fj-usjllj 
(^ a^j jJj-^^j (Jf-*^— p 4 jl« r (^ lO^*' *^j! m > Turn on Jaa-jujj A^lt. o 



'^•S\ 



2^jl\ jj^> ^XX* 



jj-fl 4u£j3 Lo (_yi^J ^P' {y* 4jjJL>-I Lo (_yl^- tlU J (_y^ 5 v <i"ita trt\ Ts-<ft ;»Lj >\y i ml 
Jjl ^Itoj *(j" A -^"*-^ lH L7^ 4-o-^^J 4JjLo jl 4^!>J1 ^^ 4_p- 4_1jLo Lflnlj* CjLo-lolj 
jJulS j v* 7c j ' >ajj (-Jifl&jj *u 4_tL>Ji r 1 ' ■■ c ^j^o O^" f ' .' .' J- 4 ^ *y£u* \1±jla I ''^ 
1 jlaj tj^i (j 1 ^ J-*^ '^-ri 'k<i A v * v <f j v< » v ir *L^j J^Ii 4 fl fl U uj&I aI^Lo 

jjfcLfc * Lli-Jl tjlj 4-«Lol L-aLi- JL3 I^jI jtj jru* VI Jajlj <jt 4-1 jlS Lo jr^>JI 

<jjj t j-A *(*4^ iSL^p* (J - *^ o^* ^LJ^ <uLj* Lo jl *(>*-»-* u^JLh 1 ^LUdI Ji* .<J*£. 

jJoJj C*jL9 njJJj fp j OJ ^S ^Hjs uj^-iiajjj .4_iL>JI ^3 \ h r j Jl>- tiJLlA <jj£j 
^J| <J 1 . ^ A */ a lLLajLo^I Jju>- (^jjl L_o !>LjI miI a ^j n o >>H «-iijU L_i£ s-jLual ^Jl 
4*jo^i4 4-ifijJ1 0juAj (cJl2j 3L3l^ AJ J-4-JU OlLl>- liillA l4_LualLo j j** J (jjiufci*. 
^ '"'j n" -"I _oJ (^1 ApOptOSis L^LstiJ £-*>^U °>IL) ^-9>*e Uj I a ; ■ ■ A 
^M >JI JljJI *_jLlo1 lLjJLjJj J^-lj f .' "M UV (J - * - ^^ 9 tlllxA (jL£ Lo a! i ii rnVI 

4_A>JI j^a 4-3. t o ", ,„l Laj^Oj (j^fcj 2*- .MMl b^LiJI ^ LJjJl *\£j-^ ol jU 

L>L>. oJLIa (j^J tdjLjjuv b5L>. Oi^ '^^* A '""■■ jt 4_iL^jl!I ^i jl_u .4_=t^UI 

.ol'n^ll j^oL Lila Lo^ <Kj 
JjjJo ^ - 4jj>.j jjj _ ^LqVI (jjl jjVI ^ r ^ ill jjaJI 5IjI<> Lj^LiJI (^ Lk 

u-JjLxij CjLijjjJIj iL yu A, \A (_3-^l>- ^ '*^ l^i LlJ^jLiA Lft^ljJ A^IjJJJ ("ij^ jLjjVI 

( j-o /ohf i tiJLiA J-Aj f rj^"~ ^^ ,i jji"i**> (j,3 (jj3^-^ ^3^-^ ^^ ^jl^ J-4aJI 

.Morula ^j^Li nn.i j2^ 
(Morula) <aj^iJI _ Y 



4 nirt'flo 4jri *r ^ T I Ij^L>. J)JLp «lj1jJi A^oJl lt^J >0^iJI 3j_4-J 4 1 1^1*1 i _ r ^ - 4j3jjJu 



^•^1 



>oj^l j^^^J^- 



fcjyc^aJf&jlaJI 

^ <LwjJ.I ojufc J33-J (jji^- J ^""^ (Blastocoel <Lajj^M l>^ '-^L^?^ J^^d 

i2uj^1J 4j>.jLkJl 45UJI L yLc ^mj L}U. ^3 iTrophoectoderm 4_i^jLiJI 
Inner 4_tliJjJI Su^iiJI ai^IL Js^ju U cr l«3 ULa 2uli.ljJI L>UJI Uiu 
4jIi£ ^Js t • • • aLJI Gilbert, S.F cj>-iLl^ j>£-> <^j L« I jla$ .Cell Mass 

^ *\^"l ^UJ( Johnson, M. H. Qj ■ ■■'>>?- • -> <j' *j^J jt?^ >* ^°J -j. 1 "'^ ^ 

JImu 4j3jjJI jj-A <Uj>.jL>Ji L^L>JL^ . 4 ^ j La A ^j^a 4_±j^_jJ| 4j j j o Vt Li 4_suZb *£o 

LiAj o^jl gj a j <LaijJte_4 Lj^L->- rr"* 1 '** 4_jj^jD aj^sJLI Lj^LkJI ^jua jjJLajj ^^Lu 

Jal£ JUu Jj.^iVMLi L^J^U^ u^j-u (^Ij Blastocyst 4^ajjVlj jry-»JI u « * "J 



« l ; j ■ ■■ ^Ij Trophoectodermal cells 4_^jj>U 3 _, -^1 ^U L>Lj>JIj 
Aj^L>Ji 2 l"<tl L}L>. Lol *2Lu-LjiIl (jtLjlH ^jLoJLj (_3j^-u _ 2uLi. OX Lajjlc 

4_tL>Ji rjJtl-Lj l^'ta (.^^ Jexfl^ lj^L^. (j. j.o^ LA«iJLC » I m i ii (_P-J'j — 4-jiifc-ljJl 
Yolk jdll ^v^ 'J^J U>^l 4 y ,u)\ «^ c-k (jJUaj ^^ - 4 jiji>Jt 4 j r *t ^11 

.4^jUjv^ jryL?Jl j^JJ 4-*£-jlo 4jx^jjJ\ ^yfcj ( sac, Amnion, Allantois 

_ LoHl>»J - Jlj^( L^jI ^pJjVI 4jijJj>J1 L^L>J1 Ljjuibj Luljj 4oJIjj 4uju 5j«4j 

(JSL) A J **"' (jl 5ju>-lj 4-jI>. • jk*"' . ■■**» 2( jl . jL^»lj J-4-C ^JJj-3 ^^ Lt-jQ ^jjl * "" ^jl 
(J^J-*^ L>^ ^ ol^Jl ^JUft * J 5 " AJ 5j >-IJ 4_jJj>J ^-jjjj XjAUjJ ^- l ^ 3> J Jj ...VI 

wjjl>. L«^ i L4JJ-4J <"i-»i3 * . ..^.tl L^L>. ^j <i^. 3jLxoj JjaLjLlI ^pljjjl I ^ flli^-i 



^$1 



>oj^l J^^^J^- 



j_j^j>J ^^ULI Hematopoietic Stem Cell ^ jjj* a\ ,V.U 4_t£.Ju>Jl 4_iL>JI £* 

tt ljw4j>Jl ajJI L>L>. ^ ^ijj j-«Lj>j <J-JLl* (j^jJ <j? l^jjlj La£ja i^jJI L>L>. 

AjJI Cj1j_£ 4J*L>. ^ ' d 1" gtJ ;_ a VI 1 <tnj .;»UiujM ^^^aj j^Ja J-^a-J L7"^J '^^ 
cJijUojj 4J£a^a i fl iV dJJjj '1-4^ <j- sD '->* cP'jJ ? -4 ^>^ Lr^ i£j? "' "** ' er"^ *" '^ -! . 

jL^ ^ l^-iSJI 4j_«jfcV( djl^ <ol iriU |>l ..i^Vi r^uL£ 'ji^ 3 ^' 1 d'^y-s i£>*l 

Jya Jj LtlS oUJcl (j-^V (_yic 4 inij V o"i t j aSj^-4 ^LjJoj J ml i n"i 4jl , 4-cLiil 
Q^\ .jjft i^tl L^jua Cj_a-a_>j Oj-4J fO 4_lL>J1 J-4-t3 V ^ fl j la j ! 1 J i nl in'itl Ijufe J-J£» 
5 ^.U\l ^ Lj^>- lTJJ £jJ-j*J La I JUfcj t Jj-3 ^ Uj_*ii La-£ iJjbuUl J^-a JbV 

jl uyi ay* < ^ °^ A f Lj^' (j^i H 4-SjjJsj Nichols, J. 4_^>. jJj<m . j 4jt_^j! 

LiL^ 3jJ_3 ^ StVM -nUj fj-Sj i jrU^JI yi 2LjUIjJI a^aliJi aj^JI L>U. 
4+^jUJI 5X ; Utt L^U. ^ JjLall ^J ^1 ...rt'.VI ^ 4-^jLkJl 4n,Ull 
ISLiLj . J ^ J£ j i.i'°l JL3a / ' 4_j1>JjlJ1 4Ji£jl L^Lx J^iaJJ >*J 4 jUf ffl^-JLJ 

j^iitxj Kunath, T. JuLiaS. j Ijl£j ^'U ^UJI ^ ^laJI 4-Sj^j Tanka, S 

3_JjVl ^L>JI b^-Jtj ,^L^ ^ J^Lc jl^^j dUJ JUL^ .t^JI Lj^LJ. 
LjiL^ ^jU3 4_iLc-c fnk n jl.cL4.uj * Fibroblast growth factor -4 (FGF-4) 

(j;jj?cj iJjjJl J/u 4jlo11I j ycJl uaJH (JjLij 4_Sj^13 (jr^-J IjlSLaj .4j^-jL>JI 4JL±la]l 

^ &Ul^A\ 3 *[1J\ jj* \„ iy ]\ L%J^ ^L«J! L^jL^Ls t L!>UJI uru jjL^J' 
LU j lm Ij jl2 tSul^l dl 5 h<ti L>LiJ ^cji j\wa 4waji_3j Laj Trophoectoderm 

j j**' ~- { I (J^-lj I 'J* 1 *^- ^^ *" ^jjS 4jJljJj>Jl 4j^U^J>JI U^L>JI Jj4-1 J mi^ i i \ i-ti IjJfc 

c-jLi.tJ <jJLIjSj 4_jj^.jL>JI 4.irt 1 1-> 1 1 Lj^L^. c_iLj tt ^ ae j" * (JJUJj ''"■ j lj • - * jl 3^ L7^ 

Hi 

4^^ JjLHi ^j^uj .^ tr " V ^^ 4jajjVl (jr^ L^UJL ^J^pUl JiLajVI 4jjMj 4^J| 

.JjiH J'^tl (jjS 4_i£,Jlj>JI 4-iL>JI ^^ajl ua> ^yS l*JJ j ^j? J^^^^'tt ^-j^ 



2LiC-,Vl 



>oj^l J^^^J^- 



** * 



^po LAj _i r j i-juftli 4— 3t__j^»lj j j S mi" 4 j U r 1j ±3 I j '^ ^ILJIj idJLUI 



Blastocyst (JtaUiJI) 4t|jttt 



<-jjSf jj-rfS *-ii>H 




Trophoectoderm cell 



Inner mass cells 



< « 



jJi.l.UI 4jjJL>JI iTiSJI LM> >\i«» (iLii*JI) 4-4^1 jM>la £JLdfci («) JSLUI 



L^Llj ^ j j^Vl AjlA^a jjjl ^>J^ 5 ^ i>« 4-SjjId ^ pmrtUI (4^*jjVl) tJriJL>J 1 
'A A>. "I • - OA j_»j Ljjj-Sj <LajjV1 Lj^L>. JJL£. Jj-oJ JL5J 'f* 3 ^' j'-*-?^ !>£■*"' 

1( ^lti>JI Cr xLoJl 2 A^^ ^i jLjo-^iJI Ciii ^yfc **-*JJ^J «(° JSLAJI jJaJi) »4oL>. 
OJjfcJ Luajl l^iSd ' 4 3te dill 4juaJj_jJJ ^n±I> jj^hjj J S iVl Jjl JoJii) '"■ -- xJ ^^B 

.(Jj-5 (jja Lg_jJI LJj-^l L7^L$ iaMjJl ^-J-a^-J j^>J I 4_iiiJL>Ji CjLSjjjJI jl Cj\ S jUII 

03^3 ijajjVl ji ^ ^A ^UJI c ^ijt_JI 4-Sj^j Fong, C. Y. *j^ . j j-^jf *J^j 
^ V^ "\ jrt^jj-fJI ^j iTrophoectodermal cells 4_ajj>U 4_u^jLiJl LM^JI 



^•^1 



2^jl\ jj^> ^XX* 



j£*nJ1 ^'im?II ^UUI 

^j_4 *j1^J1 ao^JI jL_ aJI (^ 4_LL_iL> L^a J-^J pi ■■■ I jl (^ *'J*' 7*^ ^j-aLjjJI 4 Aa ** 
^ ^ fjL^ ^ ^^i '(^J^ 1 (JjJ] ^o^jVl 4_j_fl Jua3 ^iji^H ^LUl 4 jla f 
tfu^iiej (^aLiJl ajj ij^ll (^yic (jr AUjI! (jiJL>JI ji a"ir 1 tc-ud^j La J-Aj .a^jJI j'j^>- 

jl^Haj ^_l_iaj tfJulj_A ^^Jj *£u t ^j-" La 1 JUfca, t Juu J « **■ ■ -j *&J aVI Lj^Lj* CjLu->. 

jIjl* <ya 33$ {jc <\t ."> a^jJI (_yis i^jjVl LiJIj La JL* J£ Lr U. .iiJLi 4^J ^j 

qj* rjJtJa cJr)-L>JI j--*^ I aJla LaLaj iZonna pollucida ^j^uj^jj^jUll ftLiiJI 

^j jl>JI ljufc jlLc tfjjj cr^y u' *^ 4^ u^ ^ — ; ^ I^a <jf *J9l>tlj 5 '^:;^ 

(jja (a^-jJl OJ^ £jr^ J' (J^J. 1 ^ Vuk ^$ _. Jjj^JI LajIj-iIla J5li* - 4-ajj VI jjjIjjuI 

*» " mm m- 

\ j U t a j (jjjjIjJlj jl Jj^ ajj CjI *' ■" djl SjUtJ 4jmO^J9 dJJJU 'j^>* a t4JL>L*-uJ1 aL jM 

La (jjjljjbil ji^^ H^^J '(**".>^ l>* r J "*" '^^ U^^' (jr^ fjlP L^ *^f>^ 4-*^jJi 

t .1 .^-^Wl 4jlpr j i a j JiJ til ^1 ^jjalitJI A^Jl JlJ 



g- j ts> jl LaLjM->- ^yJI tfLj^Litj Lcjjl jLa-j CjL I )t,\y L$L>-Ij q\ (Jjju V (^ Lbj 

L^Cjj-mjI 4j1jli (_^9 '** j ^>^ JJj 4_ajj jt ^^-A 1^ )4_La ^*^^ ^Jb •- i i -*" J LgJLa 4jukaJ 
5j»^>iI1j 3jutllj 4 1 jUII («^>-jJI 4j^j (^ (jjlj^iJVI iljUt-A ^yi 9- jjIj Lr A^ (jJ^y^ 
Jl 1 rt'tniV CjJLcIj a^/I ^LoJu <^j£3JJ t*^*"^' j'*^ L>^j' ^-H/^" JL ^ * fi *- c, 'jLp' *i#l 
3Llj>JIj "' a jjl j^j ju> J' j aJJ —^ JiL>. J.a ^- 1 J (j^fjl (^ CjLj^jj < l )J ■>- ^JckC) 
0jdb '"'''*' 5L.3 . JUlj (j^Q^ J ' ^ jj-4 4JJI j^aLij 4_al CjLu *^j 4jLlj_>> ^j^a O Lc-jJjljj 
aVI ^a-^-j jl-i-^ J^l-i > ; ' * '"1 "'"»J I 6' a Lcjjl J-jcj ^1 _ Ijj jj^a I ^ 4J9 Lcj . Lj5»L>JI 
^^ 4jj'j a*"<M)Vlj A fl j II 4JLa JL>.G ^ j La *" j 4Jua JL>.LlJ 4^Bj 4_La Uj-^> Ttjuuajj 

^it a 4. jUtlj g 1 a j II (j-3 ^j^ij^ j;^" 1 ^" >■ 5^_JuiJlj JLjLo^JIj xlLlIJLj J-aJu (jl 
( 4l^b OjJ Jl2 dJUJU*. 4_ljx 4-jjIjJ 3jLa jjL jJL-i Jl£ jVl (a^>JI I JU^fl tSLpJ! 
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>oj}M j^^^J^- 






4JI * JL£.lj ^l*. L|1>>1 <j^aj jL£ U^i^-l ^a (^jjJl 4 jrtjn^U SLpJL j ■ mi Cjjj£ L*J£j 
i4jl-lL 4-4^->«J 4 ijkf* 4 4 j A CjI J 5jL»-ljJI $Llj>JI Ojd Llj *^Lp- l£$->^ ^Lp. y jl 
LsJuj *Vl ^jJ n.^1 4JJ *->>^>J1 ^ d^ri cr^-'i i>*^ ^W <J^ ^ uryLp^' Op 3 

j^JJI tiJI j j V rtllj j>*-*i /£l • L^jlii - 4 ]^-r\\\ cdlj <y9 - SLpJl ^IjJjl LJ^>-3->j-* 

jl>.Ij ^jL^ L^JLj j^tij ji l$j (35cj ^H Sjii^ij ^>i£! ^U"l «-L<wjj JJj£j jjl L^J 3^ 

u3Jjl1 a J *J ^ J '" ♦SIj->- 7*^ifcj iSj-** "^ ' d .1 J ^J j-«-oLIjJi ^jJaJUj 4-j_m->. jjILuJ 1 
Cjli_i"i_g^_jJl fjrJb L^jVIj i<jiJj>Jlj ajJI L^L>. <-A LA3— fljLc tjl *wj ^L-ojLj 

A mi Tul.l JS Mill • il^l J^ Jj_4-3nJI L$J£_U2»J iCjLL^>JI ^yjfc L$-JJ£JJ *CjljJUA^Jj£jlj 

^ * -" J-tj r^jL^ <-JpbJlj 4 t "ill j 1 is\ a j t^uLUll r^UJi £j\ 1 ttII jLju jl f^J^ij 
4^4x3 3LjJtU W ^*^J ^*L-«lj L^-j^aj b*^-3 LujJl }J-^J ij^xJu^ J^k Sjjo-o ^yia >£-iI<T 
(JaLs tfj^lj 3j*_j_cj 4ja£,j u t"i 4 Uinjij 3Jd 4-Jjl ijjjjla L-flj-C ^j-js 4j u l3j^L>.j 

IdLaL^ j mm II 2Lua^ 4l^lj JjutJ J^4-»- 



^Js La t>olSJI f^ilj^JI 4^LLd ijuj <L$Jj r^5tj t_iij^Ulj ^IjuJI j^s lLiLUxLo 

CJlCj-iZu ^j^~\^ J-«-*Jl ^j^. i'i<i *^J OLu> g t ^'4 ,^j^l Cjlj'r'r ia J^>- U tfLj^L^ 
d J >J^J J ' " A ^Q J *"' <"'"'■> "^J * L#J f^' J ^' ' 4 jH lJ™5^' l_4_)UojJI 4j^J_4 (J-4-AJ 
^ ■ - S u tfLi^->- OlJu i^JJl^ t^ruL>Jl (jrl^-J (*Vl (yl^- 3jUJL>- 4oj1j njS^JU ^>>*l_9 

OL^ _ ) ^^V f UJI Gardner, R.L./iLi. u^JJ ^JjVl ^ Lu^VI J^l^ 
Pyruvate, 4^o_yaVl ^L^Vl ^jt L^UJI ^jla 5LpJ 4_aj>UI 4-^LLJI j.>«n a 
iGlucose j^jiiJI j^ 4^LLJI jjLua-*^ t 4j3jUI L>L^ ^£2 juu La) iLactate 

d ijj ■li, I j 4jjj^>Ju 4 g_t aJ. I j 4_La_*IuJI ^_L>JI ua> J a H «' ^Sj-lm c-ijj^d 1 4 c J 
^Lcj J (^jj^-iioj (*j^ 4^L« J * "*> nS jj^^iiJI (jJ-C- I 1 n j I \ "j tl t_fl^_<j# (J-4JL1J 
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■ *ll ■■ J 1 ? ll -IVlll 

^jui^J^-j^jLjjL^ j3 j < t It j^j I «JL^ <4 ajj^i 2lLwj^^o ^ya I uajl 4_aLLJl 

f^Zu c(jj^w jl^jj <Li\ Y* * • ^UJI L ^h*J\ <i *-^> a i Carayannopoulos, MO. 

4 i mij j-4-liJ J-xLc j-Aj Glut 8 A CjjIc. u o 1M j 4_lL>JI J^'-> ^1 j^^li-H Jiili 

jjLfljLaJi ^l^-Utj A_c.l_laJI dJJ j 4_jJI SjLiVL) ^JJL->- J-A Lo-a^ i \ — Cjdj ■ -''Vt 

j j jk» «-jq (3^^>-^ Glut 8 jj-^j Lt 1 T (J^UJI ij-Ljjj— Jl j j j^ N "' n * a *4__iL>JI 

^^jjl 41>.jJll ^JLA LyJ3 LaLc-> ' . ^ J-^3 'LJ* J '"'^' '"'^ ' ^" ' " A $\ UM-uil J 

Ujju^a j^UIj 42LL*JL> VI LdJj o^ Vi iSLiliiJLIj Sju^uJI cj}LcUi]I 1^9 

*UJ V 1 JL_A jj? t-^j^JLjaj *4 jl^ll J^-^O /ya j^^iiU Jb}U9 <jjl .j^jliJI jJb 

- l °> (jrJ^^Vlj 4_i^i urOjf^J ->>a^ ^ Vj 

Jl3j *l flUl ,Vt rjl ^ tJjSu ( 4_iLxljJI 4j^LiJl 4l£JI ^ 4_*jLi]lj 4 j iji-sJI 
* j o a- ^1 Ur jj a! i ii fitVl (^rl^- 4J j i \ n a {j^-3 *X)^ tl^ lPL?>^ 1 g y aLJ^_> j o m> 

(^JJ (^uL-o^vVI J^»0 5 L-=?^J ' W^J^ C^ 3 ^ tHT^H (jr^ ^*i« ^-^>e L>-*^ 

< t r 3e j <ij ijl 3jj Lo ^^^ii^ t5jx.l u3j a 4_o».^-A 4£jj^. ^^Ja Lu-uL^ L>j-*^ ^.V '^,'J 

i^yix.1 ^jJI L*_53 L^L>-Ijlj L^a J^ LfljjLt a Ct * '^jub (^LjJH Sj^j 3-=^ i"if j^Jb 

t L^-joj (jjl cJj-oj jl£ djIjijJa! j-a dJJi ^ i.i ,nll jl i^jju V (j^a -^-*>J 

4-Lc Ljj^-C 1 L-i-tlL ^ i i u **i > 1 (^JLJl Lfe J - ■■ a- (-3 4_Aaj ji ^^^IjJul 4_3e_xlb ljJJ j j 

. ■ Lui i v Ljj /)_« L^J 4Xg->o L» 



l£-$l\ 



2^jl\ jj^> ^XX* 



I'^ilaJI 



«* • 



iTrophoectoderm 5 a .u Ujj ,^ a ^pjij Trophoblast L}L_^ ^1 LujJ 

<Aa*l Juu) !j+i L}UJl aJufc^jjSU io^jUJl 4n.Ull L}U Luk U£ ^a 3 

Epithelial ^L^il L}UJt 4_^L*_* ^ (p*jJ1 j1ju>. ^ 4-* 3 ^\ o-lj^l 
Sjujuc 4__^>Lj>. 5 y in'il L}L^>J! ^Juk u o>^J 'C^j^' j' JLj ?^ 4J-kjJL1 cells 

J^ij lJij^_5 J^fl £j>» Li£ U£j i Placenta ^AXL uj\^*j La ^-^ ^ y jL>JVI 

*2>>*l La J^Lx ^ t *jfcj>j£j Ly lLa: Jl 4-3jju3j Guillemot, F. Oa-o-JL^ . _> Jjja 

Trophoblast L%± JLa Som^II iljill L>UJI o? olA^ 1 ^ *^>L^jI ^ 
tfj-A (^ 4-1^. j j t j (j^^JI ' J^j iMash 2 T (jiL« ^o mj lt^ L^j J *-*.* ■■ l .',* 
J^jlj Jj* c*£aJ1 tjL>. jLoJa i>VI (qjvj jl ju>. Js 4*jjVI (^IjJul jjjccj L}L>J1 



Gastrula (>toi4V) toft*! <i»j*.t 

^3 < i j f fi 1 1 ^jJb iLj^X. tfj juJLJ I m^ ^jjQ <U3 fjj La (jyiC L^Lu^l aVI , V mi~w Lfcjj^I 
((Jd*>. J-^^ O^i ljL ^ J- 4 ^^ J; Lj j < rln a VI Cj|jU5 t(J^B jj-^ Lj£j Lai -■» j "^j"^ I J-A 
ujLajJI {jA JLjV (jL^ IjJ .CjLSjI uaua ^ 4-jjL»j La a£.j ?TJlP^ ** '"^J i-AJL«_t^l La-4 

4_l_u TTjLi"". JaaIJ! qA L^jJi^j 3Llj>J1 J~l3 ^jlc pi S-jJ1 ^^ 4J-4 4_j-Cj (*^L '*"' j -"-'M 

f-j^>— J« _ajft *4J ^jjLuJI j^lVi Tl j^ 4_L-j-ll i>jub ^jja ^j 1 ' 7*^ j joj L_a aaI^ .(^tlSHI 
LMit^j^ikll^ Lfril in ,„l > jU"i,„i Sjjgl^iJ ^j. jjLqUl ^ Epiblast L>U 
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j < r ll v*':*?"u"'' n " 



J3& « J-o^tU ^JUiJl £$J-uiVl 4jU1)^ 4L£ |»lji JM^ (^3 - 4_ililx 2UC 
±+^>\ Oi£^ CjUj_JI ^ a±A <jjfc3j .j^jjjjjVIj ^Oj^lj ^jJ^J&jVI ^j 

i-JjVl i-j^yij^JI L£L>JI (^1 Lla j .; , n'i <jl J41V Hit jlu .3 i iMI ji Gastrula 
^ jjj -> "iILj j j til 4i»j->3 Jj_£ jj£ij L!vL^ ^j ^Primordial Germ Cells 
4-ikiII £y> jUj Lj!>L^J1 *jla Primitive steak ^IjlJI Ja_j_^J! ( jj^S *1>-j-a 
L^UJI ^jub Jfcj ^ Epiblast c^iLojVI L>Lkl Proximal Region 2LuxLUI 

uLUju i.ii'yTi L$jI ^ 't<n i4jjLl!1 4jriJL>Ji LM->. 4-±i) £>£. S hit 4_Jj^M 4j_ajj^j»Jl 
^1 jjLuj 3AhJLM ^^Jl L>U J^J ^1 ila^Vlj J-l^tJI ^Jb C^3 fjSjJI 
Jffl (j^il 5 j^LIoVl Lr^" U^'^ ae ill Ijk-A ^3 <_ 1 fcjj V Cr6-^ ^ ■ q 1 >^ -- " a Lj^I >■ 
^B Lgj > '" >Jl *Jb ^3 I * ala 0U^L>.j I '■■ >JI cJj.j-C.1j 1 g *2J ' ** ' ^J r ^^H"^ 
4-lj^ls (,£^>>1 SLxx (^ Lt-Jo 3l^>Jlj (j^LiJI fjjJI JjLjlII JjltJ L*^ LoLcj tjjrt"unll 

(J^.jj *u iOct-4 ioSjl (—4 i-uj {jm? •jj\ ' a ijj* * **"* u^ uj-^ tin 8 c* '" ^~ j3 T 1 

^(j Genital Ridge 4_AUidl i^LJI ^1 cdJj juu 2LJjVl S-ajSj^JI bM^JI 

Lr i_j_uaJl f jj t mi^. (JS i (J7 JjVl ^yi ^jiajLjJllj J>.jJI ^3 d j i>-> ^tl eiU j jLt_i ^Utl 

3 < , s 1 1 Jj^uaiJI ^Ja ^jj ^.. L^ L^jJJ jlui^JI 
j*^JI ^ ^L^ojyi (^a Ijuj Gastrulation jj tU (jj^Si 4-j_Ux. jpa >Lc J< - »;j 

(cVf-U^Vi (V^-^JL^'i f'LhPJ-^y) ^-i*>*>>Ji «— iM^il .-ils jUtl jjSii 4-ii^-t.H tfjjb 

Joia^aj »Lua-c!j 4-^ > n >I ^1 CjLJ jUtl ^jjfc ^jLqJD aj ^* uaXl jl tj tl,l jjttt aJ ^ ^ 1 1 j 
JjI 4 if I 4j!ju «_aj ^ S . U J5 Lj^Ljtj ^j^sL^JI ^jlj^Jl ^UbU ^ *r j >JI j j j t'll (fijUn 
O^J cr^* (J 4 -*^ 5^-5 ,3^ (Jj^'J (Jaju CjI m -v. IjLjj 3jUJL>Jl Lj^L>JI o^J 4jI JJJ 

^ fjj j ^hj \ <j)i^- jjjfc^a Cj^j (_y3 J-4JU cjLjjj^j (jJ^LLsVl (jki J. c - t j V jl ^>i*^» 

^jp djjjLi jLut CjIj 4j^jj ^ *'j* A 4oj|£L4j 4jJLoj u-^j^Idj 4 '' j * A *tlu ^B 4±±xa Lj^L>. 

(j_a p-jJijJ (j-^^"'J tfJLaeafl i*Liii' (_p 3'jJ ' -^iB /^JS ', Liju lLJLLA JlA& &***• l^ lA^ JjLuij 

^ J^JU Vj 4_iL>JI *JLA ^ J ^ » j is <*U A',1 ■U.'itlj <lim ^ mlHl jrOj^JI 4-^J9 

.( nl*iVa (JS ill i « MTr^inj ^jlj^JI TtjaujjJI ^jSj JL>.'j^jJII ^1 A^J icilJj 



l£>-$\ 



2^jl\ jj^> ^XX* 



aJI 



b}L>. t^^laju i_3j_wj 4 j 'wjLjJ! 5 r.r, y]\ 5 ^ . U U j| AjjjpSLj^/l 5 ^ ,U _^ 
3jJlII * <jruJI 4 ^J f j a.J^l t( yajiaJlj tij-^l! u . *n til jL^Jl 

4j^iVl L^U oUJSj (t-JJI ^ l^u *>*) SjjJiSJI SjuLtl^ t 4_wLitUI 
cJu^l r -,Hj fUlJ 4'ilniU 4jjI ^hlt L^L^Jij Neural Tube 5 _■ ■ ^ %}\ 

. 4_t>- vuitJ I Cj I j * 3 1 la 4_laj 2 1 
Cj^ in r :^hi"i lJ^lu ^yicu-ujjl 4_jJ_ul>J1 4_5_JiaJI jl ajjJjJ-lIi 4_2L-Jb -Y 

4 jKj^II ^ ,>> tllj 4 j „.;>tl *\ t y,cM\ 3 jLJL^JI -a moi „ .un 

L^LiJI : u hi* (-Sj^ug 4 jl-^ljJl 4 jlj'r-xJI 4 n jUti jl a^jJ^JuVI ^ aulo _Y 

.4J3JI 4JHJJJ 4^k.LUI cjl^iilJ 3:U,t l a^L^tJI b^UJIj 

^yS UjLaj J-4jSLj ^1"w jjjlSjl l mj ^ (^yJJJ 4-i i h" 1 1 ^Jl 4ju mJI jfl .".VI (_ r 3j 
^j-4 < 1 a: j je i n J L**^a bJjJI ^Loj ^1 jo"fc- 5bils JlIj ;»VI ^^A L-Aj - ^yjl^lll 4JSLA 

1 5 . 1 ft t a C ll jlfl f Jj^ p **l J rn LjO^O AJJ I flj AJ Lo 1 flirt Uj ^jhA ^jJU (j\ Oj" 3 

s Lankan ^jljVi i^ji 




^$i 



>oj^l J^^^J^- 



**4ftl\W)»l\ 



1 



<2uuLLHIj ^ dll^JLi eruI^Jl (^alUI J^'j^ J^L^ 

^Jfi. 4-LLUI 3jJ— HI 4jjJ J*!—* u^ (jJi <"'li^j 
LiJI Jl j-j .3_1^^JI ^yj :>. Jj^iaJI jl^ jJLI iL-tfslj a 

^y3 IjLiJLj>o^ _ '^->- 'J\' ..ft 3 j " V i tjl (j^J (jj^-la-ua-ft 

4-lLlL>JI 4_i£. JL*JI5uiiJlj Ujuc ill ,.,lcj ^^ t<jl£l.lj 

J< .I.; _ 4_±£. Ju>JI 4_iiiJI^ . Embryonic Stem Cell 
j^L fj\ .Undifferentiated ajj\ £ a ^±i. 4ol^ - *Lc 

(^Ll 3jJL-aJI j i-L -^tl ^ys. L-tf^i 'iJLH**^ 1-J^LiJI 

j-Ju£u Lgjl L-4-S i I ft uiAJ JujLJt-TJ jlj qjj i mU aLlu dJ VI 
,«J3 L#Ic Lauw ' <* G "*■" /^<Ji d ua ua-ge-lll u^L>JI 

udJj JLix .alii (>i l^.^lj U>^>J ^]1 cjIjjJUj 



4_lU*JI 1 A( ^ ...1 ^aj_JI" 
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>oj*l j^^J^ 



aJI 



^J*. SjjlaII ojla jpa dlljJ * placenta 5*m.U ^i^ cr* J' u>^ ^eo^' 4-ulcVl 

.The magic cell a^,..n 4_iLiJlj LkU^l ^tjll ^i L7 i>. t L}liJI 
^ LU juV .Ll^. jlhJI L>UJI jjjo 4_tx.yJI oJla (jJI J>*lll <^£ 4j3jjtJL <j£J 

4SLu^i Lo4 4/_Ja j 1 4_i_l-£l_>Ju 4_lL>JI ^£, 3. ' (Jdua^aJI ,-3 ty&j£. La jl i*a *»" ■ -I 
S ^uaJJll 4_iL>JI j>JLA i".j^... udJ JJ . LqUj JjoL£ t>JL>- glia£.) ^^ic 4Lsl£ SjJloa Jja 

Aoi^ J-*^J <jf rj^"-"*^ .Totipotent oljjiiJI 4JUL£ 4_i£.JjJI 4-AiJL) 5-ij^JI 
.("I) ^LUI JSL5JI Ja Uj>L3j a^JLjJI L>UJI L^ U. ju^JI L^U *^ 



/ 



V 




X, 



N . f 



\ 



4laK 



L}U ^j .l^L. yjj^l Li>UJl ^l 4^U1 4_lliJI 

J^L£ j*_^ *LLa£.] Ly lt SjjL^ .Totipotent 




c» 



f ■■■ aZi Pluripotent oljjL-iJI Sj-alj 5 j '■ j : -^ a j*" '' ^ Lj^L>* 



\ 




—^ ^-- 



\ jya ^*L>. Multipotent ^IjjLill 3j_uJLa iiJL <j-c J^* 4_JL^ 

Unipotent 5j_LiJI 4jjLvi iiJL Ly^ ^ykj 
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ILUaJI 



c^\j nif jj^a jj<""t ^j t Blastocyst 4-^jjVLj (-aj-j^j L^ o^j ojlxjs jjlc 
^ya ^j^*« * (33^ fl ' ^ * .* (*^l>-^ cr^ '3j^l <.".U jj^ j 4 ^>iu*.Mj <^ji null u^L>JI 
L^Li- _ L>LiJl ojiA ,2u»jjS*J Inner cell mass JLA^IjlJI S^iiJI ili^JI 
jU jryl^ o^ UJ>c m> ^UJI r l +1*11 clU" ...I 5 : l^l in SL^liJI 4.L&JI 

Lfcj^jj aj *4_iij-L>Jl 4-i-CJ >J 1 L^L>JI g-1 flltll 1 fljlr jib! JL£j i^jruajj *J-*^ 
^j^a _ *jj '"** J ^ 5jJL j iII>JU ^J3 1 fl" c Ijj Juu _ IjifLaj LoS . 4_jl1jjl>. 4_j_»LJl>» 



jL^U 4-j-cJl^JI L,iUJI ^ id> .jLiiJ i^cJL^JI L}UJI ^ 6j> La 
James A. Thomson ^ - ■■ *y» u ,.^j"v ^,£1^^. ^JLJI ik^J^j ^ ^A ^LJI 

mm 

* j ~ *l J^aLt-LI tj-^a JUJUlJI ^ CaCjjj lt jl_tuJj 4-AJji ^ 4 jj^ljjl SbaliJI 

L^Jua * . ■ ' LaJ 1 n *^">- 4 ua na asXa SjuJL^. Lj^Li- p'j-»l <_yJ] J J) "fcTu jjl * 4 ^" ■ -" Lgjl 

Ij^L>JI J^a IjljJLj>. LcjJ (jJqjuaJ ^ m -^11 L^jfc-joLJjj Qji j-jJu ^jLi ciJJ jj *dJJj 

. (i) U^-j£j ujLuofiVlj c-xiiJI LM^ jlL>JI L>U^ < 4..^,r.V:LU 

Sucju>J1 4-l1>JI ^^1^ Jjj-a^JI jtJjLj 
l^jJI rjL>- oLuJGJt 4-iiaj^j i. t Mir>Vil 4J^Ltja J^f ) AVA ^UJI ij& • 

.jLpi-VI c^^Ui^^jnl-.TI Jj^L ^ ^1 Jjl E lil ^o<\ fLdl ^« 

_L^Ij 4-l^IjjJI JLajj *jLiJI 4-u-aio. ^ ^LLdj^uu *±j. JLx] ^j ^1 • ^UJl ^S • 

Embryonic ^_l1^>JI i-i^jj^JI LjM^JI >a ^LLd^^JI I jla jj i^,^ ^i 

.4j^jl>JI LMitU jjLua-^ cjJL^ij tgerm cells 
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IVJaII 



Bavister ^ "i ■■■ j '«ibj Edwards JjjIjjI jULjJI O^ 1 ^ ^ A fL^ 1 c^ 9 ( 

&£-j i (JT o^J->Jl ^y-dLijJI 4_i-aljjJ Ls02-4U Ci-fl * st-j fanlj (j4 "»• ^11 j| , U^14>tl 

Sjl^JLII 4<l JLI <> fJL^Jl ^ c^Ui J^L Jjl jdj \ \VA ^LxJI <> 

. Louise Brown o^L^i^ c^-^i ^ILu^JI 

.Candice Reed juj ^JjljI^^jGj 
5 jr J -w 4_iL>. ^i^- u^^i^i i>-b^J >>^1 *U1*J1 Ja-a^ ^ ^A^ aLlII ^s 

^ Lfcj-Cjj aj (jl_a 4-^ajijl ^jjo 5 A^\ itl 4jjL>iJ1 4Jj£]I Lj^Lj*. {jA 4_xJu_L>. 
f IjjI |>j flv (jr ic 1 j 1 1 r\ -** j iCjIjJLoII aj-$\$ 4j< j <"^ 4j-CJu>. 4 jiV^ j i "j ^ U 

Andrews, P. W. jjjj^i ^Jl *JI ^^SU: 1UA ^Jl mi r L_*JI ^ 

Embryonal * : : yy i-^LLaj^ aj^-ju L}L>. 7-Llil <>* W "'^-.' TI 4-SjjJsj 
L^Li- ^a udJjj *L_y ( jJ 5 ajllaJ *j '-'ijt oJI Sj^fllj carcinoma cells 
*Jufe <-..n>l ^j < Testicular Teratocarcinomas <iLj ,.,",U 4 ^ .^>^Jt 

. (trj iY) sjjUili l>uji ^ ^^i iti^i o:^ 3m.^ii l^uji 

4J>U. jLl>! ^ *pUjj Pera, M .F ti! l>-u ^u- ...i ^ ^A^ r L*JI ^ 

* ^ ^ >. t".U^ I i-jJlJ (4_uLL2)j-^u 4_jJuJL>. 4j>_ilu u^l_>, qjz q ■• )\ "*■ j ^ lj^LJ*". 

.4JjVl a,,,.;^! cb^iJ! .-as.un ^ L^lc J*^*: ^1 ^^Vlj L>UJ1 

dJjJUtja 3jJl^ Cjlj L$J1 L*£ * JJuJI aIj j-xC L yjij-L*j-ajj£2\ l| 4 ilia (jSUj 

LM^ Jju^ j^a (jyl^JI 4-Sj^j Bongso, A 4jI ^...i'l^j ^Uj ^ 'VM *UJI ^ 

L>UJ1 4^13 L}U. ^ - ,-,.ri...ll ^ . ^iJ! LojjSU LUUI atSJI 

, (i0) Fibroblast 2LJjVl jlL>JI L>U. Jl jjU3 L^ajj *4j'i j'.-kII aaco^JI 
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lULaJI 



James A. jj ... *l5 ^..* : y c- 1 U" ,„l ^ ^*\$ ^ ^o ^^1 * H ^ ■ 

/yi w "' a: jJI 4-^jj-^j S,<^ A VI J;j --'^ i-uJj ^jj ■ ..j U a 4j^oj Thomson 

cj! niUI! jjja 4jjLj»JI CjVUJI (jJs 1 $Ac J^m^l ,* jU"i,..*i) LjM->J1 j^o 
^ 4_ljc jlj>JI L^LiJI * jjk tj! 1^ju>.j jl^j (cj^LUI 2LJjVl ^ j : j ; r a 

/ i -I I 

Lj^_>JI dJUfc f l^ <JJ < -^"*-^ ^jLxau ^o_LaLj p^.1*^- Us J-^J * ^jLuijj/l 

^.LLlcI L7 JLi L^jjjloj y"i <i"m L^jI Lc_S * j_l*JI (J-<sl£j 1 ^jl ■ ■■ oLaj^j^j^p 

Cj^LjJI 4 j i -*^tl CjI a ,UTI t *^_J ?tJ-ij (^-^' uO*-*"*^ Iji^-jJl p Ij-il *j n *^- 

QjLaj j -w jj^w ^£UJ ^ i-u^Lj aL«JI ^j X' ' j i j ^ I . I ^ ^U^j ^J^' 

L!vLiJI ^a ^SJ t | ^ n, ni LM-kJI ^4^- Ji ""> ^^ t>° John Gearhardt 

.^ ^ Human primordial germ cells 4_yjyjj^>JI 4-J^Jl 

i4j^jL_j 4^£.JLj>^ 4 j *m i *w Lj^L>- (^i^- (J J i r> "s J 1 ^j-a - BoflgSO, A. ^ m t t^j 
jl <1U"ij Url^-Jt3 L>° r ' J^ r ' i4_43J>U 4_1>.1jl1I 4_d_jIaJI Lj>L>. ^j-a tiiljj 

.»..>, i^-...ij iSbjJLJl 4jm ;->JI 4_i£.jlj>JI LiM^JI ^a jujutU Cell lines 
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all 



4jj_jjI J^-l-l (j-^J I 4"* O^^ ' *j * » "« 4^ajLaJI jjU ,,,tl Ljal 4 *VI J • ■■ a* J^l-l 

.^Vl JUicw rjLx ^ (J\ tjl m^-VI 

\$Ac J.^i-w ^3 t ( t5 ^ ^M ^UJI ^"n- .11 4-2^^ Bongso, A. j^JLj^j 

i—3 j t j i j^j j ljJjI mi «j t ^ * ^A a! aJl ^J3 ^j in aj.3 (j-u-4 j "w L i,^aj! 

( tv ) y • • aLjlJI ^Ja I jajI \ 4 .Ac I^Lu j ^ ,,.<ij.Rpnhinnff B.E 

j^ic L^-j-j n uj 1 j **■ c 1 j j j l_j^Lj>Ji £ju& Jj-c 4-^La-c 7*L>«-i cJlSjJu Laj nrj 
CjLtc-jVI '" lj j if .1 nlj -AlX (JS nil 1 fl"ilL>.j 1 fl" a^L-i^j^ t Lg i n n i 4_jajjjM 

M^j-iJLt j'j^ -*■* ' 4 k> i - 1 j) j 4j^_Ju_i 4_iJajj_) u_>Lua->-l 4_xL*X. ^J »IiS3 La J *j 

1 *j *^ ?V*-1j (^y^-I Jj^' r^t "in \2\ ijf J^ 4 j i n ^ t, I 4 tSj^-jJI jl lZjjJijjJI IJLjj 

tfjuk ^Jaj ^Morula 4-ujUi <l>.j^a u o ( n"j iLuLgii LMiJI jjlc g- j .^j 
aLlji^j! 4-xLa— c ^r. 4 ■ " a u &j ^j 4-oJI ^^Ja ^ *^^ ^j : ^ >■ 1 J * j 4-L>.^JLl 

LLdj jLaJJ 4-rj"<'i tiU ij t L-uj^oj ^^IJi J^ _ jLi>.VI ^jj^JI J^-l-3 - |*Vl 

4-c^jJ! ^ j^^^, jya j>^>II r Vl cryj^ jl mRNA Jj—^JI L^J! 

f 1A iTi) » * t 1 

4lJiJG ^jJb 4JbjJuia_d IjUJLiIu LaLuaHJI ^uL>J1 u^L>- j.^**il" «_j|^JTl aj-J! t _ 7 J9 



i^C-^i 



>oj^l J^^^J^- 



IbUiJI 



3_jtJ I jlxju Ji ua flj^fi Ja Inner cell mass 4_iL^I jJl 4jolk]l 4l£S\ \j-Z *-dJj 
^ L>UJI JjUiI (jJ/^I i^UJI ^j 4 4j8_5jVL .Uj>1 ^1 ,Trophoectoderm 

. JUJL>JI frU^!! 

jflj^aJLI C<-3jjl j-A ^ ij-L>Jl (^^y-aLuJl (j-jfl (j-u^al — i«Ji />j) J II ^ i *i *J *(3^' — C1 "' 
L^_La J^_jLa_5eJJ LjoLoj 4 u-u\ La 4-ajJ^I Lj^L>- 1 jg J 3 LA3^ c^*- 1 ^' ri T uaJ I J 

^1 ■j;"^U f^s Embryonic Stem Cel 4>n;->JI 4_i£.jlj>JI L>L^JI ^^1*. 
^jLuoJ^I ^ Lajjlc «_Lj ^hJIj * 3l_j_L>- t jJ I 5 1"< 1 1 Lj^Li*- u*j ^ j j * » a uj^ 

Y' * jjja 4J3SLII (4_ajjVl) J* L>JI LjM-J^. Jr^j ^ i4 jl^ Yt ^Jl Y * ^ 

.( rr ) 5uU Yo- ^J 

Lj^l >■ (j^A {J**i Sfc aJl 4 J 4-AI (^1 Li-A J J lIlJ tjl t f T J J 

4^j^JI 3j^w 4_lL^IjlJI SbolkJI 5h<t i ~ : ,^-. cr i^ fc Trophoectoderm 

aI J rt__j <_oLi I a] Lj^I >JI 0jUb jj 5e_jj . I g \\ C ,Jj L*a >JI (_|^ "J 

3_il_iia_ja a 1 "■ >. I a I jLJe-Ii 1 ulj L-«J^ itiUJLj j^aLx ^^^.Ij^jv c_i j \ < "jj\ j a 
i4-_xL>-ljJI 3 > j 1 j* 11 4_1jSL!I jij-j>*jj aj > n j j S j a jj " \ I 4 ii jln (O-La-^o ^^J 
pjlj-jo ^^^ fjj^ 4_xLi* YOj Y • ^j\j La ^1 c (-La oa J '-*'- ' u.aj.^ ju It if j 
j^J >j-uu (j I jj-jo JljV L-i-Aj • 4_j-lj_L>- 4 jf JU >■ u^L_3t_S j) o t*ij 4-judL^ 

Li^l iJl LySc (J-t-ca_3e_J (^j^J (j-L_L>JI ^Ii5t-J tiUju LLiI J-&$ l (^6 a ^cr^* 

(jjjJI JUvj crlJ 1>+^ Vj^k j^iJLj ^jJI j^Vi ±* 3 ( 4J^ 4-i^l J^JI 
^j-a (JL>- i La - -J ijy 3 Ij^ iJI tfJLA p"j3^ (*J t^-jfej j rj 4 ml i u \\ (j>i« 1J 

J^aL^ aLc ^ j^l o^- 5 ^ 5jL ^ j * "* ct^-J Serum ajj ,,.11 j! J.^ill 
L^jjJ j^f iPluripotent cjIjj 111 S^lj LjM^ L^-jL j i o 1" cJljLo 

c_JId I jj Lj^LJsJI J^o foJ (^! ^l ^y-a i^i V 1 Mj j^l ^ ill (jrl-C- 3jJL-dJI 

i-. i " t .. t \ ^$ j, \ j ~w J Q M L^-ll IjJ >-J rf\ fl tl ( M 7- t 11 J , t-iJJ j I j'l4 

. M (j-uSLiJ I jii j Tj J i-aJL I (j a ^ LiJ I 



^$1 



>oj^l J^^^J^- 



J^-^ J j » r-i n 4 ^ j r^ ^-jiLj_a ^N i"ij jlj Ji3 ,3^^ "ill LjjjJL_>. 0^^ *^ 
2u£.jl>J1 4j1>J1 i>c ^K"m (j\ LJ-ij? LiJ( J-fj j5 j LjJ »J1 2u£,jl_>JI 4_J_>JI 

** • *v I 

CitfM."i<l U.I da^ *Va1 Uxk 0>^ iU-iVl oSlfl - 5 uLlI^JI 4_^JL^J1 
^jJI 4— ^-jji InJI < 1 1 11 >. jl LA j , i 1 ,^1 a < r 1 11 "k 3 Ju . I, c 4 j C \ >J1 Li^L^JIj 

I j^j tg-j mill (^ IgJLajj L$Jl£Ls cr-^- ^^L 4_uiJl>JI Lj^L>JI cl oltll p* ■■ « 

Ml 

Embryonic Stem cell Ki>»5>suttaMMyt3u*:iyt UMiJt- \ 

Sj-fltj L^Lk L^jl <j;i , Llj^2-j L^L>JI 9 IjjI fji^ »iUr lj I ^ m lit jljjl>o (_yi^ 

. Pluripotent cjIj^I 

Adult Stem cellaiiuisu^^iuilitli - r 

JL^ J3^d ^-J^ cr^l LP^' gj "■'» (>° J^_p (jr^II 5Ll£.Ju>J| L>LiJI t yfcj 
Jij in <ill ^^yJS ^it *f i ii Lx-S ^jjbj * i—ILj 3-Aj ^1 iQjtjC £jja 4 j i j i -* II 4_i^.jJLI j^L>o 
i L^Lo-t 4 ■ "■* ■ a se " A J \). *> "' A ^T ' " (jr^ Jfc->»J^J i3jji i" A J ± r 4jL>. 4_AjLajl 
t-J ^ jl (jryiJl 4 j < j ni ^J9 j| JlL>JI jjjs j| a\ia±JI ^^ ^ N j * Lfcjj_^j_£ 

jujj>o ^^L. L^jjjXo j-A t4j_c jj^. < <rtl L^-tl^- £-1^ L^°i .Teeth pulp ^jl "■■VI 
*-j_4^k f 1 La£,j C7 k. Multipotent SjjulULI U^jjlJa ^ t 5l j >JI ^jla I ^ ^ ^"« 

j j i"ii jjl LLi jJLas-JJ .I'iA n>J C> « i 4j_3 ^^jJ' 4 <Miit ?r j i niU 4 i^imVilJ L^L>J1 
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WlaJILUaJI 



JjiaoJI ^ J : u^UJL L^JjLjI) L_fl^3 * Plasticity or Transdifferentiation 

.2LAJLII 4o^^>JI ^iLkJL. ^UJI 



Embryonic germ Cells ^ui-tl^i A-^^i^i LjMi*ji_r 

^j cw ^LLax.1 ^^ L^jo-i o' L-4-^ tPluripotent cells lljIjju_UI jjuu 
(^ 2u_i_ti>JI <u__z, jl>JI L!>L->JI £_* L$£\jXJi*\ «_>o *Lu^-aj 5^. ...Wl Lj^Li* 

^ l-LlLv ^ ' C j >• Lj^I je j LipQ niini />"i -fc.l_iJl i"il t ^ 1 5 j 1 < S CjI n "■! 3 

John Gearhart ^jLaj j y u>^ c^! £7?-^ L^Li^i J ^« jj? j-sl^JI^ 

4— jJj^I 4_a_A jJi j— 3«J 1 5 ^. ,,. *.VI ^4 ' w * ; ueaJ I p aIUU 2 ^ A . ..^ <LLa_-i> 

i^U* 5 ,,u ^jL^uiV bjl m^I _ 4<^/iTfl 4_LvV Primordial germ cells 




.1 *1 ,^^V1 ^-^a -,b| Oj i (j'V *r*i*J L*^ *r"j'j^ L-9^' i4j_lj_L>Ji 4^_Z.Ll>J| 



Spore like stem cell^LL^j^IXt^ua^Ji bMsJi. 1 

if 

Vacanti, M. P. ^ ^L^Ua $± \ 4 <i.^j ^ Jji ^L^j . 4JJL 4^1». 
2LLj-iitja » ■ s*i ^.jbj *j-JLJ' p Mi ^^ ^ r ■ ii ' 1 ' £d fl > lt^ Parenchyma 
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3UI 



IjJiJij iJ-fl^Jlj j>6-^J *.w»LUI oJs^JI j h" 13 L$3l£ .Dormant 4j£L^, 

<.<jjiLi_*iJlj * * J flJ-ll ^j-4 4_!L>. <jr J3 4_ wiJlLq 4 1 ■ ^* j ^- " A ^j " j •"* L^pj^S ^Jl 
3l J -V. 3 J fl " (_ T J-II C-SjjJoJI Mt I^T (^fl ja,j 1 1 1 (_^Jx- SjjuLlI L^jjJ ^g ><a > 
J_jlB L^j 4 m t ^^3 ^y-^* II ■ j^" - ■* ^Lj-^B . 4_oLc l£>^"' 4_jjJU 4 jl^. ^1 

^ya L$j? L*£ * I jl^. 4jJLc 3jIj-^ 4 ->o-> &\i 4*i j > ^^Ja j I t> ^ mi^VI (j^ 3 

(A"\ — 4j>.jJ (Jj^) l*J^J* 4-wxoiitill Sjl^^JI CjL>-jJ (J-4l>o * j k" ■ ■■** (JjLaII 
t n ts\ t j^yJLc -Aj>J 5jJL 4j^_j_ja 4_j>-j_i AO 4_>.j.i ^1 1 ^ i j V ml ^\ 4j i ^ 

^ £-HH J I ,i > 3^ r * Lr^ 4j>3jJt1 LLjLjISJI 4t.miI ^ 4 I . ^9 nr " 1 1 
jlL« t^poj SJJU Jj fl II J I tL)j_aU,ljj ^^Jj^aVI j j TJ I JLjk^j <±aj >■ < IS t "* I 

. ^ m nil *-_aVl Jj iCjUL* 

j o <"t J ^«*Jl ^^3 j i^"i Lj^LiJI 0JLA tjl ^jj)" -w LjJ I JL>*j j ft ~* 1 1 (j^^ 
jj-o Ij-j-IS tjl-6 I JJ (Cj^U. 4JLa (^ JJI frj 111 ill Lj}L>. £'>>? erJj J^\ * "'"'J 
jjja 4_j jjn'M U tilljj ( 4-iJLi 4_lC JL>. 4-iL^ LbjLlc.1 (jjl tj^ljuj tJry^LJl 
tiJLjJl ?y-j 1 ■■ ■ II ^-3 JL>>^3 1 ojia JS ^ < 4 ^ . I 4 * a 4_^j L-JuJLjs (j-^'J-^'- 

<U* ^jdl tyL-sVl — ■■■''" : 4_^>UkJI L^UJI gj^l ^1 J>a^3 UaLjI^ 

^j ^ a 13 j Ltjl L»jl L^l miT 3j^J 4jjj) Ull I^jJLBj {j-a ( i ^"i I4JLB JujU^. 

4_>»l skJI ^j-^al ^^ ?y j j - * II <J3^ Lj^L-> ^_yJj Jj Sfc 33 j * I v j %j 1 A r'^ f 

4_L^o j_j^_jJL I Lj^L>JI dJ-A ^t -w ^jl ^jrCLj>. L^J I ( jia-JLj JLajvV J^J * L-^-jJI 
^Jja LSJ 1 a a *j >J I f, \j^l>. I ^j^a Jj^ ^ 33 (j I (J ISLftj 4j aJt '^* I ^j-4^ t I JL>. j j* 1 ^ 

^Minimal genome L^L^Iju I jm.ii J-J^ ^jij> ->>^j o^j^ ^° i4 -^ 

ljL_>. (JjISJI (a VI djJL-ua_a) ^j a VI j»jjj_j>jl J^_3JI I JLA (0£.JLJ JL_5j 
. ' ' /i ij t a t ^i A Uj 4jj ^jV *j **. j ...\\ Jj>.|j ^jj ***j ^j" jJtl ^^Ja J^_>.jJll 

J^->-j tj-c (CNS) ^j^SjJLI ^ t in %\\ jL^->JLi jj j-t-tfaJL>JL I {J?, I < M " j JL^j 
4JI jl^IjJIj .«-uk>JI 4 3fc ' " > I * Sjjj^j^a CxjoIj Lq 4_j Ij^L>JI £ys pJ-^-H IjLA 

^LjVl JjlI^ iCNS (^j^jJLl u m r> % \ I jlfl -^TLj Lajukj ju>-i ( ^ ^o "<'i ^J 
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Fetal stem cells jjjLJi ojJL>JJ 2uc j*Js U^UJi - o 

I JJ . ljL>» 5j--u5^ 4^1j_miJ jjLmJJ j i'sIj joil (jH^^ 3-y m'lVI * j «^>» ^3 4_j_£. JL>J I 

^1 .2uc jl^JI L>!>LiJI ^ I jl^ I^l-l£ US LiUu: j^jJI 11a <ys <lxVl ^p» 

2 -*. ,,,WI j j **. *"j - **■ _■ . .■ '■ 1 1 Lj^L>> f tjji • j *| >• - 1 Lag,} Ly lc 4_jJLx. 3jJL3 L^JjJ 
A ■*■ ' n > 1 (*!£. 1 ^a t TcJL 1 4_3t_i_uJ 1 I j6» j 4 4_ljl^>. j 1 -r^j i * •- ' '^"' '■' f_jJ I 1 4 j ■"' i ^' 1 

Embryonal carcinoma cells SuJLU^t^u^u^i^^j^f bibji-i 
jl^-oj aj^JI ( a ifi (^j tTeratocarcinomas u a ..na, *4j i^^kJI ^ Luaj m^ 

IJufe (Jj5kj J^J t3j_uS f.lj^.T ^^ 4jjluj>JI 4_l£_ J jsJ j Lj^L>J' *_a 4j1 mm' 4j mi>JI 
4_l£.Jl>* 4_iii*a iiJL 4jJlL>. 4_lL>. jL>Jl ,*oa 4_lJuJL>JI 4_l£.Jl>JI 4_lL>J1 _ V 

Lj}U* (^aj *Reprogramming 2L*^JI SjLcL ^>jlj La jl jj^t 3jmj> 

jus _ Jj^ ^j.4 p^j Li C 1 ) l^ ^yjJI _ 4_j-Ll1>JI 4_lCJL>J1 4jJisJI aj_Li_>. «4^j^qV1 
4_iL>Ji ajJLljv 4_j*_^jj Jl_i_C.T tjl LiJJj jj^. gJjJuB i4 tTL> 4jJlLw 4_j_L^ ajjj^. 

4_lL>J1 Aj ' J >. ^jrf3J L-L-2LJK (j_ili2J |J_4-3fcJ A J IJ 3» ^— J] J J_>U J i 4_Ju LiJ I 4jJlL>JI 

Somatic 2u* .. yi 3t>ji j^j Jj>b j^- a j uiyt 3 _< r ,'t y \ ^->LV - a 

nuclear transfer embryonic stem cell (NT ES cell) 

^ya ^J->"1 3'J-^ 1 t J *" f«3 i L^jIjj {jjs ( 4 j i^-> V a j*^£> jl 4_j ua V n (t1j_j_uj 4_ua£av 

Sjm^ 3!^ ^1 4_kJUI Sl^UI Jj^r^ *M!u -lL>JI LfMi^ 4JJL 4j t ,„^ 4^ 



^•^1 



^°j^' jj^^^^° 







l£-$l\ 



^j' 1 jy <£^ 



^ftt\ ** *a\ ^Li\ 



(*K 



*» * 



* * 




«• ♦ 



i\wa\^4^^\ 



jljucl ^j— <-u ^j-^j *J 4_2_tl mil Jj is\ till (J£ 
4jV tjjua-ill 1 Jufc I juju>u j^^'j lioJLiJI Jj ■>■* AH 
lAJ-JI (jyJ^- C^>_c 4_J-C ju>- 4_iL>. aAI J^->- JJ-Jy 

. 4-jJgl>JI 4j£,JL>JI 4-iLkJI ^jJb^ 

4^.IjJI ij^liJI SLbSJI ^ jl^ ^1 L!vUJI dlfi 
2l_l_«^jVi 5 ... xtl Epiblast t -....v . : >y\ ^ ^\ 
2LajjVl *lc1j3 3: -" uh-N ^>^ J$ ^Blastocyst 

^»" L^j cllj. *Pluripotency cjIj.v 5JI SjJalj 

.Extra-embryonic tissues 



5 



! JL>. >S i A v i ^ > _S l1)JL>. a jLd 4_i±3h. Liji 1 4-u-i t >. _ 

• -' * -^ Sr * J ** ^ * J^o 4 jl -s.il aJLA 4_t ; : 1 " 



The Embryonic Stem Cell (*) 



_ir^li 
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aJI 



Ijuk jSi 1 1 1 i>u^J1 ^ L}L>JI (jj cu-i >■ *CjIjJl3 4 j <i ■ uj ^j^Ja »4 jiiN cjIjjl^ 

jj' 1*11 (jl£. IgJjjJu 1 uajl j ^ <Tm La£ (j<i"n nt, I a! f nil tin (jyi-^ L^jjJlSjOJ jj qVi 
^1 i^Ljjl£La 4 j * i oJ 4 j g - u j ! 1 <?Jufc (jjp3 JL£j . , \ m y>\\ Lj^L>> 9> IjjI « j q *w ^Jl 
^ JU.l Sfc Ubj * I JUv j^SLjII (jrj-^J' >AJ CiJL^t 4_La ^jJi (jlSLU ^1 4 j mi 

0jLgJ SjJsljJI t"*l A *^lt 1jL_>. 4-4J^La 4 j 4 t ■■" ^-A LlA rf j q ... ~ 11 ^jj| > tl >^ ^*Vl 
^1 ^ X4 ■ u3 1 j jl** qjjLSj 4jji_>.j-4S L&JL>-1 j^ i Ijj < I UaJi L^jLSLajJj 4_jJJ»»J1 

. \ g • ^ I a >> <*■ vni" (j-^l 3-^ Ifl * CjJL>.a 4_lL>- 
0JLA 4j j J 1 JJ LjS (_jl£> (J^S>3 t— ^ J ' " t \-C$-l uj jJlSVI 4 J 4 oiTJI jjl JJLjJ (jjJ 

g.lla£.l jjJLc L^jjJLS < llii L<u£ (j-Aj tt— )IjJL-aJI SjJslj 4 jlV L$Jj-£ (>« 4_AkJl 
4_j-a j3j^>J 1 dj^LlJI CjLSjjjJI jl Cj\ 5 ikJI bfcj > i ^ A <jr^^ Lj^LkJI P'J -1 ' * J ^ "^ 

(-bj-^ LT^b Trophoblast 4jj m 4-^jjVl L>L^ c±W:l L$jI jJj t 4 j LlI^JI 
primitive 4-uIjlJI 4 : i^i dl iijjJI L>L^ <-.u^i u^,i jjj .4 *_. jJLl ^U*" 

.Totipotent cjIjjlUI 4lal£ 4jLl* Igjlr lisiuV endoderm 

J3SL1 JL^ c_il"^TI IjiA 4jL^j (_y5 J-iil jl Jmiitl 1 JUb j-i-T ^ LuL^ t Lo^a£, j 

4jjlLw 4j!V jjf t-jL^LJ! IjJb ^S (JLH l -^>* j ' M^3 t ^»jj J^ 4^Ju>J! 4_tL>JI £jc 
**JLj y j i M i ^yA LauJL^.1 UJl c^j (jr^ ^J'J '> ^-^"-^ ^jl"^ p .' ' f*y l-5^±m 4juu 



^a U 4jmI-*JI 4^£.Ju>JI 4jl^T1 l^Lo jl^u ^1 Blastocyst 2LojjVl 

Y • • ^yjlj ^ OrjJj>J! L>l ^ SJ^ C iJ_U 4_LwjJLl ^JLA ^ .^.jJI jl.l > 

Trophoectoderm 4jjulLI 4_L^jLkJl 4 a : utl LMi- w n -" LMjiJI ^ 

4_j_ ii _jSLlJ 4-lL>.1 Jul 4^_i_LaJl * *' i ^*" 4j&L>. 4JuSj j^J-iLmu 1cjJ-<-^ LdJjj>o ^_a^»u 

.Inner cell mass 4_^sjjVl 
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>oj^l J^^^J^- 



5 j^ 't y\\ L^L>Jt ^ o Mia Coo Lgjjjuuaj ^1 Jttl t'flt-w <j*ajLi-a^.j ^J- 
Jjb :JIJ_tuJI lJufe ^j*c ( i _i go <jl I i j If L^j-usj jJL^l l>3^ c^-Jj *4-jjjjj>JI 
L}U* jj^c^ L^)5 *1 MjJa u*-L>JI ^ jl^j3 4 jij^ll 4-hcj^JI L}UJI 

4jj^k»jJU u3>L>Jl p'jjl J» J0> <jrU - Hd>^ - 3^' *"* U' £ J "**' ' ""' ^ nifll C*£jJI 

j^JJI jjb j-jJLjJLI ^ L^jLjjIj^Ij Ory^>JI ^ L^-^lj^J (jl ,*? « jL^i_j>JI <yi 

1 '" 1 * ^ (^Ul Sj^ljJI CjijJUaJI oJJj I fl t i a J CjLo_juaJ1 jJlA 1 ^ j If w ^ «U? 

$4_lcJL>Ju 1 fl ■ * • -*' 

orU^J! ^ ju^j V 5y, : : r ti 4^c j^l Li>UJI <j? ^ *UL*JI ^ Ji>* 
t-djjjj . j JUa L«-£j ^£J )4_j_c Ju>JI 4 jl Vll c-aj^jjl u ; «IL> jl ^ L«jJ 
5 j' : ; r " 4_^ Ju»J! L}UJ1 tj! ^ 'W/ *U ^-t^JI ^Uj^^ Brook, F.A. 

3j^ ^ Luojjuai* tjrUjfciJ 4J3HI (jr^jV! L}L>JL> jjj£ JL>- ^1 4 mm!1 4^J>1 

ory-L*ji .j uiLi^lj ^reimplantation ^>J1 jIjl-»- <ya 4_^lj)J1 Jju3 L» 
U>— ^ lJ L*^SJ jl^tui U^Jl Ij^j^a Y • * ^ ^UJI Smith, A.G. ^^c^ 

L<a- gjjiT^ i^jlSLcj J^ mi 4_i I i^i " j^b ^j^ju-tfji j?, t a^\ aj (^JJl Lj-A d A mi "I' cWi 

(^jb .Morula i_i3jJUI L>LJ^ ^Hbj jl ^>JI jIjl^u JL»3 jl Jj-2 L>LiJI 

•* mm ^ 

q\ a£-J 4 J'^'^^ 4 J c j -^ L^L^ 1 n" J q i ■*' j» jUl trit V <Lal^ 3jJl3 CjI J liJljLJl 

dJLA j-^Jlj (^ JJI j j j • "II (jl ' -^^ ^±H cMj ^ I ^'Q I mim JjoISLJI jriisJl 

. juu ^j ^J 4-lL^IjJI Su^i^J* ai£J| L>U- crJI J>^JI >^ ^jbM L>UJI 

4^w>UI Cx^^UuV! Lj^Uuj 4jLilI (^UJI ^n-stl jj.r.fl u' J±* (j'^l 

Ijux 3^£LII 20^^11 ^jla ^ juu J^*j ^ i4_Lii.ljJl ^UJl 4JbUI LiUJ 

4jjlkJi 4 l"*v 1 1 L^L>- ^ U t"ij 4_4jjl ^- j i r>**i I Jn mi" jjl Juu La iu i^^aLuJI ^j 

Primitive ectoderm 4_^IjlJ! Su^jLiJI <^>JI ^1 J>*^» c^'i 4oi^ljJt 
LMi. jlIIl^ ^^ Epiblast iz^%-u±^y\ L>U. 0<t ,»"> Luj^- ^ ^Ij 



l£>-$\ 



2^jl\ jj^> ^XX* 



Ml * M> 

Lyu*. ^jLfl J ... >JI Jj^lj ^LajjVl ^ <"m nj IjJ U$jV ^U\a k'.im mil (jj! 

c3j_^ 5jjL>JL! Primitive endoderm 4_uIjl_JI 4 MA-IjlH 4_£jj^JI 4 nUia 

Ml 

Three tijMJJI 4_ H a 5 !i > _>Ji 4 uj'i?Ji oLSjjjJI jf oLL+LJI 1 ^ La £>-*jj 
4_2jjjJ1^ Ectoderm 3 j ^jL^JI 4_SjjjJ1 ^j .embryonic germ layers 
_ Lij^ij _ g>iej L^Laj ^Endoderm 4 jl^ljJl 4_ijj L aJlj Mesoderm ^Umi^JI 

4 n ^V 4_»jjla3j 4j^ r 41^-xa ^ <j£J L^-Luc 4-ji^ljJI 5 ^ ,Utl L>L^ Vj 

La tiijl J^l tjh "< n i l ! (jja I tt j mi aj uy*->j VI (^ 5^^i 0.5^ oy^3 l>±> ' * f ^ 

kiiljL^I (J^^L-j-J *j j i^ II 4-Cj-i-yJl JoILa j-A 4_L»»VI 4JLw ^^ (3j^-^J t jj ->r 

V<m-v g. i m"i (.-.,. .MxojVI L}L>* ^jlJa Llaj <GastruIa Vjj^iuiLiil jl juj^I 

tfj^t 4-U^x ^j C*J>A JL^ o^ 3 ^^ Cr^ ' jMioVI erl^ 4_l^JU* J^ 
(^yj-uLj-u jl Ja^— tuJi f -J 5 j ^Jul fj i^Ji 3-Aj t^j^a-ua ste-HJI a "*■ > 1 ■*■_* 2" j- A si 

p-I^jI » j <i -w ^jJI _ LjjJij _ JjjtJJl (^yic 5 j j all L^jj-I L^Jj-^ ^ya o^Jj >L*JI 
_ j j 1-^ U ^ya (j^aj - L^Ji (jJa J<a-S_fl (j-tijJ i-^c- < n 1" V" L4JI VI », v mi^TI LMi- 

4al^ljJI 4-^^JI 4nU; a Li>L>. j-uL3 ^j j-J - UjJlI L^ _ ^U^ (jj^^ 1 
LaJL^o e^Hlj (".in mil ^ j'>>^' ^J V^ (jr^! [ '^J* d>^ " ^ * A ^H*^* 
ij_fi »l V mi 1 <t>,» -^) cr-^'j 'cr^' J— i-o-^Jl (J-^!j (_y-Aj t"i 1 ii^l 1 jjVl LjiL->- 

4_cu^ij C-^aJl ^ fC£.JUj .(jja , V ao ^^1 4_jj^LU1 jLjlj^I CjI j 4-LljJI ujLj-C 

i^ja L^jJJ 4J^aJLl 5j j mi U Jxij ^^i*- n'lMi^LiajVi L^L>* JjLojj >l i u n M 4jl«f 
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^°J^' JJ^^^^° 



mm ^ * • <m¥ mm mm 9 mm « 

Marshak, D.R. pj --^ (jXc-J u?"' ^ . M1 0-° >^' Ji>-^ Jj^ ^^ J^ £*J 
I4JI L*!? i A^ jJ I (Ji-lj ^Lill cr^?*^ ^ ^H^ 1 ^ ...5'iVl j^ic Sjjl^JI I4] ^ j*.;'"^ 
^ L^Jjuc U tj^Uj U£ JiJUl j^ill <ya Sj^^I jjJ-Vi L,>UJI *l^t » jfl > 

j-JUjUJi < <i ylC' djJuUu J^lAju*oj aLuIjVI lt^ ^J*-^Lj Jo^Iju C-JljLa j^^-Aj jj'tnII 

. (00) dlJj l^ eJI*J crp. L>UJ1 g-l^l ^l^ ^J 

4_^L>JI V Jl^JI L^UJI j! J^i JjVi j^l oi jJ <3^p* Ja Lut jVI Li] I jjj 

4£.Ij3JI Ju3 La 3j^3 (J& jry^JI L}L* LsUj ^UjIij V ji"i^U ^ L^jk. JiAJtJ ^i\ 

Lj^L^JI ^j-c 5 .iIj >J1 4_j_c1l_»JI 4_lL>JI L^j j^xJ ^^SLI ^ u±A a * jl ^ ^ fr >t - ^ ^ 



^ U>Lx ,^3 Epiblast ..-.^X _. jiVI LM_i. ^ Ujj ..-» a j^SLi jji . ^ 

. Blastocyst i-jjVl j^L ^ Sj^ILuq a^IjJI 4HUI L^U 
>< ..1 rt'tVlj Self-renewing LajIj l^ - - aj juj xi ^J^. 3jjl-o1! L^jjJ - Y 
(jJJ Undifferentiated 3jL<Cu j! ^jjj ^ 3 jj jl*-j j-j-c j1j-cL»j ^jL*il^ 

, 1 Jul j j ***'j V CjLjJkjuLiaJI ^a J^alSj j Sj ■ ■■ A j C< »u JJbC L^JjJ - Y 

^_l^l ^j - a* u Ut" L^jI ^f Pluripotent oljj nH Sj^Jalj JjSLj o' - ^ 
^j ii>UJI 4_JjVl 5 : ...; r !l ^Ll^jJI &* L^Uu,i Lis ^1 L>L-iJI 
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a 



5 A^}\ cj\ rt i^j c^lj-^ L^Jj Clonogenic Luljj 1 <j * a 4_ajl tvUI L>LiJI 
L^L>J Lata] SULUaJU I 3 . r. j *t 4-jjIjjJI cjLi_t-olj!l L$J <jju^ 3 j r J -w L}L>. 

.4_iL-dV1 4_|£.Jl>JI tl<tl 
tjj£j uiiJ Jlj ^Aj iOct-4 jl^uJI JjaLc ^ ^ j j • "tl ^yk. 3j,\ aJi L$J _ A 
4_jlkJI ft ai ^lc ti-UJu Oa3l *r j 9 t4 n *_n CjLL-jk Jo it 1 U , " A jj 1 j ^ -> a 



.c,,M,„U <> dUi W^ ^ *Jl ^^ ur^ tf>-^ L>y^M 
■ U s a ,iljj Juj^jtjj i4 ji^U ^l — ^'«l 5j^^ ^ DNA LjjlJI tj-jj <" 

djjjJ da J-i-^D J I ^jlij" <?1 < Ir^fc n ^S J-4-JU (^JJI Gl JjJo L^XX L-A4J-J 1 M ^ 

t>c L«Lftj < *i" jt3 t^JJj ^ ^3 iDNA Jl |*1 u, nil <-,-»■ " m." initiate 

j! CjljJij oil 4^ m'i VI LaLJJ ^ i ■■ a a V (j^Jlj 4j^Ijl!I 2uju^>JI L>LiJI 

. l j.,.A*> jx. j^tj-tlJI ^jx. 4Jjjlx cjLLl>- (j-ui^^V Gene imprinting 

jjJl-Sj JSl {J7 Lc jf L*j-^li (JjL- 4-oJl CjI <\ .nil tfJuA .*H"n" 4-iL^ (JL-3 tjjj 
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* ft* » ■* ^ » • # ■* • •* 



Totipotent Millllf ferffcftj! bttUf £lftii 

idlj JL2J I 2LUIS 2U ILL* 2U& JLj> 3ui>. - ^ 

■ >l '^ sJ 4 jlo r ^ Ijl^ 4ljlq lIjLcL^u Jlju ojSJu cr^' L}L>J1 ^j 
illlJLj 4, « 10 I J aZi\jj& 6JLC aLmu^jVI ^Js 4j^ua->JLl 4jusj^-jJ1 IjLjJ aj *4 t^jjjjl 

( JjtJ I flt* aej ^JJl igj " Mill ^yjl L$j j^jjj 1 (j >l3j L^L_>JI 3jJ Liiaji 1 flit *»o 

I jj dU jj (( >L£ j^ *Lkx.j ^ 4_jj1j>JI L$3jUj 4iAl£J!j 4UISJ! SjjuiJl UJ 

4jub JIjjljI ^J] m£jJj *4 .^1 ^ cdj^Jo j-fllj3 ^J-wj jJb Lo 4-djlIaail ^jlj.*il.) iIjJUcj 
IjlA ijL^J LJli:j - L^flJU (>C Ij.^y oljJ^JI 4l*L£ 4jm)>H 4_UL ju>J1 LMiJI 
4j1>. jJS j i jj j _ (jG-jLw ^J J 4_jj-cl>J, I 4-iiajajJ I A.m 5 2 La m*v 1 1 JL>. J^juo Jjls <_yJB 

tPluripotent OijJL^t 5^j4 M.; r a^Jlk 2uU. . Y 

4-uu-l>J 1 4_t£- JL>J I 4^L>Jl *m^j->*i ^yJJ 4_xL>. Z)- 4 L-illicjj CjIjJuSJI CjjLo^j 
Lj>L>J1 Clul^ I jp3 .CjljJLoJi ^ CjjIaIUj CjLfl>LliwVl tfJUb jj^. SjLjtAJ ■"■■-jt 
jli (( _^ ,>L^ o^ ^L^I ur^ SjJlLI! L4J LljIjJLiil iLaL£ ^jmI^U 5u_cjl>JI 

L!vLiJI ^--^ ^ijjiiJI J--L£ ^^ i^c Ju>Ji LMJJI 0^ j^f L^>> ^Lu 
,-fliLL^VI Ijla (jtSj .a^oAllj t^^^Vl <^>UJI Imm-,,,,1 IjJ liUjj i( jrj-u>JI 

£>UI liAA ^ JJ^J >J^( C^J ^J *gj-riJ J-^H ur^ L^LiJI fr* Q^ji J^ 

^j-tn^t SjJaljJI oIjjloJ! jjL^ IoSLaj *j^Li Vj 4jlSLa cJlSj jl L>L>JI ^ 
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IfttxUJI 






j~*ll 4«f !l*Jf 4*1*11 ,-i Ml JMJI *«w *Lril 

La j-LS ^ j jj ->■ a <jjj ,jj jLfl ^ 4_j1jJj>JI 2u^cjl>JI 5uL>JI ljJu»J _ \ 

JaoLx jjbj ^Chimeras <lnjl^ ji uy=^ jLa ^^ Jj .^>^Ti 4-rrull cJlSI* 

(jJaAxU 5LxLtl>JI 4_t£,JL>J( L^L>J! ^ oLdj ^^1 2LatJjuVlj g.1 inrVl <j^ 
JL3 4_jJLjjL>JI 4_j_CJL>JI 4_j-L>JI <jl i Z 1 1 *i j Lo~4 4 Lt_-o J ■ *" ' -t I 4_ljjj LiL^-j 

4-Uj_L>JI i-ui JL>JI <_iL>JI o^ ^L^V o>^M' U^ f^ l£>^' ^J^ - ^ 
Ij-^Lfl 4JrJ->. .3 , ^ uaJt^JL 1 Lj>U>JI fi>»l t>o JUJuJI *LL£.j 4_;LjudLx lLULoj 
CuJlBj] £-ILi ji-B JlL>. C*jo ("<iii "w ^s_» ijLfl £^)-4 A \ *n 1 v 4_x£.JU>. 4_xL>> Jl_>-Lj 

I JL* ^j^^-^jj Teratomas ^ftinj jjg.v ajj ^Jl 2uiii>Jl i_i£. jlj>J! 4_tL><JI 

lj^Li*j < An]\ Cj^ irt r L^Li-j *<_, n 1^ ^Jl jl ^ ^Jl ^j U p ^^^j-IL^ 4jjL^1o 

HI 

ijUoj^g iUjm J^Ui <u]| < rtjir>i Lo-Lu i Feeder Layer 4jjJ£JI j^Ijj ^jIajU 
Lj>L>J1 cuJL^ aLlI^ ^Li J>L^j (Leukemia Inhibitory Factor (LIF) ^ jJl 
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k .-. ■-■■»m'i A-.»iri ,li »Yk .». .will ■■.-v^iiX .1^11 

^Ll^i^^I oJla ^ - o -> -.ti I jla iEmbryoid bodies (EBs) i^Vl s ^ 4 : - 

.( CA ) L^i3 L>UJI ^^ ^llacl Jk 



^a LajJI_4J jjVftU 4j^L>JI JLjj^VI JJL£. Lr k, _ f$A ijuka _ LdJJ^j il^qjst^ (jj^j 

.((Number of times of passage in fresh culture dishes* Ji-oVl LMiJI 

Ji-lj CjIjJloJI SjJalj LMit£ l_Sj ualu (j I ^yLc 3j_sl2 cJlj Lo rim ml! ^ys 4L>U 
>jU-, ..." . j^j^jl j± tfi\ ULiliol >J _ L>UJi *Jla . L^jI ^»JI ^l&l fu^* 

d 

SLuul jJUl jSISJI fL^ ^ya 4,^^-tl L>UJI ^1 ^ jujlaJI ^J Jjj^I 
4joliJI 4_1^JI LM^ ^ S^I^JI cjIjjl^JI j^j oJlj ^l.^i V ^Jufc JSTj . (01) 

ot^jU" in'-j^LkJll ^Olljj- jLal^jn^l i-icJu>J! L>LiJI u'^H 

ItiJJj j j Mini j-A La ^j3 t4 ir>i^>Vi<t u^L>- ^1 Jij ■*■"! 
Jifl t t^-^-U^. jj^ <x^L>. '"'w^'""* < £ 1 1" <n 4jJo1>J1 4j£, JL>Ji 4j1>J1 (jl - I 

Leukemia ^njCalJI ^ : r,nti j^^ ^ jl-^ f -,y .v,,„n tf j^ t GP130 ( LIFR 
u ^ . uj ^Ij STAT3 ^ <t , ..j urpj>j »!n j n.ri jjJJ ^jjj U-4 inhibitory factor 



. 3 * jjLoIij tjl (JjJ Qja iU<i*^ l^i iint JLjJL»OJ <4jm i^H 4jr, Jt^Jl 
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^ - " a )l 3jjJ J^-lj-^a ^j^a G 1 St; jjlaJI <jl CjLpI (jj" «^l jJ I plkui mJ _ c_» 
LgJLLJaj 4L*j-* cr^J *4 ji u?JI 4 jr *l 7,11 4_iLiJI oJL^. ^ J*-ju V 4_jiiJl 
tuSLj a Jj. ^-J JJ-* 3 J^fc 3-*' jjr^f j' *4_j-L>JI a! m nil 4 j I o f cr^ *U - " 
^j ^ k A- > I a! j Laj 1 1 4 ^1 ... ^ tl Jji a jj^^ ^.'j a 1 j a! aJ ^^Ac J^J '"JJ 4 jI^nH 
«j (j-^3 f* 3 Ti>Jl 1 jj^Li-tfLitjJl ^a^u&x J-»j L*-3J 1 j * a U »jJJj (JIB 4-jii«Jl >1 i u n tl 

4jL>JI Jk" oil Juj ALui_iJVI (jlc j La j - - * jl < t ij4j MJa (j jj * LJ jdl a! m JiiL 

■UV« 4 t^i^V-U Lj^LkJI ^ £\y\ (^JJ j^UJJI <y9 Iju3 4jmi^1I 4^c JU*JI 

:^ 7 jVI &Jjcj I a n^. 

Cycline D . j Cz^:-- jL>^! cr^ 5j ^3 - 

J&j^i j-Aj i4_j1>JI a\ iii Iitl jj^lj^x ^ii Cji St; jjUI) 4 j f a^JI 3^" nil Jjio - 

^io*: o' ^b ? i: >! - L?^^ J^VLi> *ajiJI Jk Su*. jl>JI Uio ^Lu * J>W 

^t al La a 4JL*L£j J^ls jj Jj * ^r* JJ^aJI Ltf-i* < : ' J * J (jl - 4j>^lj t^J-tf-N ^-^ c, - jL -^ 
, j j - aj-oitjJlj jjLqjJI ^J3 J-LSBJuJl *u (j-AJ *J"£P J-* 3 ^ Lt^ 4jJi»JI >1 mrfhl 4jl<if 

4oL>J1 aL-uJojI (JJUlx JJoUj _ 
jlj«iiy[j ^mj^H 4^£.,1j>JI 4_iI^TI flu, nil 0? cr 1 ! V^^ Q^-yJI O* (jr 1 ^ 
Jjj».».tj t 4 i^ <r>Vi a L^Uv ^JJ LtJjLsU d ^Jjq C - La 4_^Jj-Lxj _ at. 1 <m t^UaujIj 
P IjjI ^Jj LAjmLcj 4-^LiX. Bj^uLj-A iJLp *4_jl>Jl a I i -^ 'I T'L^oJ JjsjIjX. g i flj ^- ' 

.^ ^ LMJJl (j-a 4iriinVia 

^jjjdjl ERK iSHP-2 oLL3_5j-jJI ^a ij\c$i • ^^ "■ u jj^la ^j^. I jjt «^i. it-j 
^LULj (2LUJI r L^iL 4^>UJI cAl^M y<i*M) STAT3 J^c uL^je 

J>jLcuo ^lA uJjju ^jl JUJ i^jLmj V 1 4J-*->- 4^iLS <—d^JLJ (_7^Jj 
L^Liijj JUJ ^-'J ^jlj j*L-iiiJl <JL>> ^ 4jni^H 4 jr ,'l-^.tl L>L>JI Jj^* <j& 
tJV Oj'j-^' L>^ ^^ w£JLLA U3^ u' ^^ tjjl a"A\ f^}\ \ ^L a (»'^-^J 1 (j m. nil 
* tj ill (jjlj-^l IjUfe ^B Ji>- t^'j ,rf . .'"'"' J-^'j-^J >1 i m ni VI (U>j rlin Jjslj-il 
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/t^a ^£ j ^ 1 Lx.laJJ (-dJjU 4 j ^* fl 'Jj^ n J^J l J^*' dL>*jl ^^jjl 4_j Lljl>J1 

Feeder Layer Cells 4j J till Jualjj 5 ^,u L^L^ 4JI3L1 llUj ^uj a . ^ . ^ ^.i * 

* 5 Ja U>L^ 0' ^ ■' Sla . (0Vj iv) ^la^VL j^'l" V Ji^ Suspension 
Leukemia inhibitory factor^ * ^ ^^IH <UmmH J-oLc jjJu 4jjuLiII jlaIj^ 

*_"' lUmJLI £j-a ^d** a J -*J^*i3 '^jmi^JI 4_±cJu>JI L^L>Jl 3^^^ J -1 <U 5-iUl *J-Aj 

j-aj * Transcriptional factor ^.n't J>aLc j-a Oct-4 Lci^al crGj^j 
^yS fiy^j t t " tSj I ljHjlhj ( Pou5fl ^ < iij tlr^- l>^- j j .' •"' II tl>^ ?^ 

^vpd aL-u^JVI ^jJJ L}L>Jl «j3J ^^l^. J^a-ft-j aLlj L*£ >^J t 4-aaajJL I 4-iJaj4jJt 

<Jj1 o n q] V *L}L>. -iJL^C j^a j "<<j ,jf JLJ^J i'-.j ->» cr^J^' 4jLijU <yl 
ljufc Luajf J^>-^J La_£ . ajLlJU 4_j_3j (^ JUlj La (^ Lr^ t_3j_L-u jjL*jJLj| 

5 : ^ ; r t l LM^Jl ^ ^iUjiij t 2LJjVl 3 j ,,,-i^tl L>UiJl <ya u^jlh^* 
tSjJalj cjIjj^ ol J L>L>Ji Jji^j i c^jl tjLfl ^ — gj r^^JI ^$ *j^^*J 

4_jliKJI (j^Lj TtjaLJjj ijj£ p^ a jjJ 4J 4_iL>JI ^^ ^ 1^ "< < u a ^jl ( " < n JL3J 

^Vo 4_jusL>. 4jLjlj ^ la^fej ^LjJ^ jJ 1 IJLA (J_t_»u Lc^a ,4_j_oJL>Jl 4 jf J >J I 

4_4Jo-iJLI CjLijjjj— Jl ( j "■ :4 j'^ (jl In t jnt ttl jjl 4_>-jJ ^Jl i^"*< ^L jJI 

.° Y - V] oIjjl^JI S^alj 4jm^II 4^^>JI LMJfcU 

<LiSl *y jIJ Oct-4 (jrpjL^-JI ljuk L^ j.m1<I (jlJI 4-^gJbVl j! j^JJL >JJL^ 
fl L"tl 4 jj o f (^^ tjr tjl_iJil jjJ L^J c-tl m -w o_jjL4_j qj* j-ii-^1 J^ r ^ h\\\ 

J* (H 1 *-? J^^J i > J ^' Jo-HU ^^-f^ ' ^M » 'J o^ ^^ (*>Sj >^J -c jM'? i > l 



L^j aUj^t t i ajjt^it I S >Uj 4-tL>J| 1 ^j> ^j^Ul qJLtJ T In iU ilLijj iii 
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• i 



I'^JaJI 



4—lLulJ 4-j jllaJU CjLu jJI J-4-C < **JJ 1 JlA 4.U tt 4JI u >>* Jl > Hi *j LiilJlI 

' j oJ3 (J-i-<3^j LoLc T * (j^ 8 'tO*^ ^ u^^ 1 ^ cr^-9 *jL-aJl (j-« 4jm1>> 4^£.Ju>» 4_aL>- 
»j a Li II (JdvH^ 3 O-^- - QJ) "< ^L-jJ1 I 4 j If J m -v. Jl_3 ij^ *fW' *^J ^ 

'iJ-^j-9 Es cell lines 4 .im^II i^cJu^JI L^LkJI ^ oVjLi 4 , n c ^ 
oViL, oMi L^ «H14, H13, H9, H7, H1»^H ^>~ U^! 

4jV^) 5 j ^ ll 1 gLV^JI (>. 4 m. ^UkJIj (1) J^Ij-l-1 ^^ ^-o^J! 

4jjJj>JI 4 i "^ It Lj^L->- Oj— ^ ^ ^' "- 1 *■' ^— ' ^JJ^"^ LH 9 *(oj ' " *^ ' "JJ 

clJl£ t 4 j'.ji^Jl L}UJ1 dJuA ^^Ijj t>» Lo^ ^ ^1 ^ juu. .4 jm'.^JI 

CjJuJ^I * 4_j j-L>. Cj^I *r\1 j I CjI * ^ >u 0_>^_5>j) <"i <i (ii nil . L3 Lj^L_>J1 

d jCj'iICj ^a j) 4_uL_4^ ^jIslj 4-j j i ^ 1 1 CjI t <i tt-*(TI ^JL^J 4_La_i^*JLI L^L^Jl 

J>c v j ft . Lj^LJkJI ^juk j,4it i-4j5UI diD^^JLI ^Huli L^J JLlL! 

xj (j'fii'v dj(j_>a 3jL-C 4 7i\\ uJl 4__Sj j ^laJI jurtlt 1 ^ *i f I jjj Lj^ >J1 

£_XJb JJcu . 4_j_£-J_>. 4 j i j i *w Ij^L>. (j_a 4 j n i oV^Li-u ^ic Jj«ua^>JI 



l£>-$\ 



2^jl\ jj^> ^XX* 



'k ■■■ .-.-ill *.'.»nX J5 oVft. ■'» ■ •■■»"* ickaJI JLdaJI 

^^ic 3 U a 1 -»■ ^ J-laj Lg-H L*£ iyj\ q"\ fj\ (jj-i {jJ* t L<ij1-} p mi n v\ L^L>JI 

«jL2 j^j t Telomerase j^jlwll ^1 U£ * L^Ja SjJaaj Telomerase jlj^y^tl 

duljj Jj$i= J^ -■; J^JJ - *— iLijj-taJI l_sIj1dI oLjI^J ^yS -S^-J^o DNA Jl (jja 

1 j j ■ u j ajIjJI j>^>U 4 j r JLjJl Lj>UJI fjA 4jl_iii j-^jj (Somatic cells 

'p'" a uj p ■ ■* a *'" (jl uotJj i4-jL_ti 4_iL>. L^-»Lj 4_Ij_La <_^>.jj l£Jl!I i4_lL>J1 
(j-iL I J ft (J-*Jj . LjajjJG a! tun )2\ £j£. (—ofljJjJI^ 4jL^JJI l-j^oj a j '^* a j^^jjj 



. 3 ^ ^ 1 1 1 ^JjL2l>J! LiBjji-lI t^ljo ill LljJuLj t^l ni4J LojIj f4Jl 3te-j ■■■) 4111 q\ Jlu 
^ n " J 3 1 ^j -ll^ (JjLJ I g ^tn rn (3j-^ J>~P ^^JJ 4—iLiJl tf JL_^J 4JJ1 J t "w JuSJft 

tjrOj^ £jc 3jL£. Surface antigens oln^ml ^jtj .Receptors .-.vi^-,..^ 

(JlJ-^ jLflJjJ! jl ^ >■ ^I^Jfc j>-JJ Lq-^ 1 ^ ifl jj-JJ^ i4_iL>Jl ?riiin [33-^ *-^"J *'< 
CjLjuJ—^. (Jl_i_ilj_ul . (Jl 1 rt"i <mV1 (.^^ ^^^^'J *-^^>-^ 4-fl— ilbjjlj iJjJJll 7t Ulu» 
Jl ,^"M1 I j_£j (4_ii>Jl (^ 4 *m ■ a ciijlii^j a! j nil 1 ^ ta ^L_>oVlj i^-juaLi. 

1 Ay. i^.", ,.lj ' ^ J ' ""J ua^J I ^jjq 4_Jui 4_>.jj t_y^£- O^oljLo <"iV jS" ...t I ^Jub ^JB 

•JLLaJI &ulj>. (ja$ .5_i-cJLj>JI L>LiJI ^yk. L^j ^IjlIaMJ Markers oU^I^ 
<-*M .^". ,„ a l j ^.U,„? J^ 3 c^ 1 * - W^^^' dy 5 La j ji^ - <Lj-cjl>JI LjM_iJI ^j! 

Wl ™ ^ ^^ 
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2^jl\ jj^> ^XX* 



(jLill 4-i£.JL_>JI b>UJI ^i j^-^j SSEA-1 <>l*jjjVI MJus t 3jj-Ul ^ ^^ 
jl in'tVI (j^a -i-^jj SSEA-3 llLJJ-^j .Sjj.-iJI jf pi mi'^I ^ jl^jj V «_&] 
^t cIltwLJI (^yk. J$ .mTI ( j^Ja oil JJ . IjlSLaj jLiJI LMi*. <ya ±=m Vi Sjj-SJij 
oju^J Specific antibodies L^U ^i ^^ 1 *l ... ^' . v S * _ *j ^ "■ .-j 

Iji^j { 4_iLkJI <j_fl 0>^ l£-^ J>^' tr^J 1 dJ^ r ^-a>Cu tiUjLJj tOln-y nVl 

:L^tl^J1 Jbj^oj 4j£.JL>JI 4jl^H (jic, L^jjtliJ 



Fluorescent Tags 3U^^1 ji ^u^MIt uUUi ( ^ ) 

' < l'-^' I J.^w 4_*-oL>*j 4_oju4 jlj^a 4-lC J-«sJ I 4_lL>JI ?c La ■ ■■ (3J-^ («-ulj J^J 

4oLkJl L^j ^j-53 4m«a ciuUij <* UjV 4^1« cr Aj * Signaling molecules 

JJulxjjI . wU_u_>JI Lj^L>. tjo'w Lgjjtxj C r -n*i (jfltl ^jp-ll 4_*L*JI 4 a j ka i n U LLjIj 
J3 jl <jj_i-uaL l^-^-lj^ *<Lj_j-oL>JI tfjub 4-j-C Ju>Jl 4__JL>JI ^j^. (j jji_>- Lj_1 I 

3 Jt 

<_Jbj_Mj ^ uawal j jl 4 d .^V 4jj1 jfljS -i'3-4-» OijLJtjVl JL-uj) OLjjJjx UJ "* ' "J J 



J^JKJ ^jSi t^yAA^l aj^l-ujJL! *^j^>J! tjLia (J I n *i in I, lj fr^£^>JI (j\J ciJl i u -ajtl 

(ji^. ji Vl Jju Lc£ L0L4J 4u£.jl>JI L^L>JI -^>>-j i^£- **_$- = ?3 J^J^ - ^joiaJI 

Fluorescence - .U.liitt ^^ly f ji v^^^at aia^ijj b^L»Ji J>cj j*>i! ( Y ) 

:- activated cell sorting (FACS) 

juju£. ).UV< 3ju>.lj 4_lL^ l^J-^ 1 W^^-*- >4J V CjI sdaJI ^Jufc ^jl ^" >■ i^LjUlU 



^* lie t<Liia_4ljJI SjUll L^j ^xJI 4_tl>Jl ^jia^ajj ^jl 4_lc ^ **■ * j l_4-^ iCj\ i ■ nljJl * 



l£>-$\ 



2^jl\ jj^> ^XX* 



Xy.y^ii'i.^^iiK^i^jViy.^^ii'i^v-^iix^i^ii 



,<U>m 4jje ■"■ Jx^o iy-$£ iy* A 1 " J L7-^' '-*' 4jJLui 4_L?c_a!L J»aj 1 ^ m (JLaj 

Jl tt a (_^ L^l >J1 o JLA j^^ftJ ^-J . Lj5^ i*Jl tJ-A j— >-'\ £j-J ^1 ^yA 4_J_>>jllj 

l * 1 1 i -* ,"\. < *^\ " -^ I ^^Jl IjJajj - ', ^ -*-j A J J u-JL-u ' . i L** 4J » jkaJLij (^^Ljjt^S 

i4_o^^II ^j^VI L^L>JI <^£. IjLjjlj J i a d u t_3^uJ3 5 .tl ,,.tl 4jjCJLj>JI LjM^JI 

fie alt)- i , i .f -i -■ 

i(PCR) Polymerase Chain Reaction J^L^iSj^LJi JaUj(T) 

/^IJlj _ ■■•■■■*■ J-alj-Cj Cil u y JLjJU>*jj lJu^-ju j_^3 4_jJjHJI 4jufe a 1 je " i »"j 
^^3 pfl * jjj L4J (jP^lj 4 U <Vij 4 jl <(t 4-LaLc CjI m -w -S^>»J ^j-C < n mi^ILj cdJj 

5j^q_A Genetic Markers 4_ijIjj ctj! a ,, .ij t * l /:."< 1 ^ J...I... -.tl s^jJJI 

^j-oLk ^ - oJ J^oLc 4J ^ tj... iVi £/*_>. tJuXI jj j j 1 ■ myitis .4j£.Jl>J1 4_lL-*JJ LoLftJ 
^jj) *j-& w Luu (jr S (jrtj>Jl xuu tJu (jjl^* — /* in t H JjfjLc 1 n-*> fll - J 4 «J *4j 

(>^>JI 1 J-* itf J5^ Lr^- J-*^ J^ C^* ^ a J3^i '^ r '"'^ J^^J iiJrJjJuiJ J?l 
tPDX- 1 ^n '-■' 4J 5J j 4 A J 4_) 4-juoL>- 4 fi 1 11 Ij JUJLso t j^a vl gijiJl ^>5Lxj ^->-VI 



4 i ^ 1 . 1 " a^ ^Unj a 4 jlrt r . (j-dj) mtjl jj-Ju i_3j_«jj LfcjjJu (_yji-JiJ A j ...1 jjCi .11 
(JJ^J ^" >■ (j^j>- 2I (jjAc- I ^ta J£» p 1 r <ij 4 ij SU.I (^J^-J-S 1— aLo-i sjJu j»Lku j__yJ 
4_Lj-^U» _ 4-OJ^laJl t j^Juj LAj_xC «-j«j - ^^ 3jJL3t_A 4 a j^^J 4_j_»LgjJl 4-Lua ^-U 
p'*- -"'A j«^ ljjj <p\'Tr a ,1 j n t"i 4JSJ * JLjJLu JuJjI *JuLaJUj 5jl 1^ II I m •*)] 

) Reporter Gene ^Lx-^J* jroji ji^aitti (j^» ( * ) 

IjJiol (jU cdJjj t4_j3ljjJI 4-^oJ 'j^l CjI j i5"i L^jJ9 i*ifl I Vi 1 »l 4_ibjJb ^-Aj 

tj^Slj t>u>. Ja^Ja Jo tj tjryw ^aj * Reporter gene j • >JLI tlry>JLj <-a>ju L» 

4_lL>JI , U Jfc > ' b ' ' a- • d uaj^ "*■" a v > g L Cl • S \ >i qJl^a > ■ c 4— lX. J >JI 4__lL>J1 



^•^1 



>oj}M j^^^J^- 



Jajaljjl £j*\*j JLt <_3j-ju t Lu * A LLjjj^j jj *~ A ua ui-3e—iX\ v j C 4_j_CJl_>JI 

ja^jj i_flj_^ jruj^-JI 1 jla iGreen fluorescent protein (GFP) j Ja ^i 

j p uuAjj V «CuU ^-Aj 1 JSj J 4 d b 3* I I L^j-aUj (J^-lj^ J3 4-fCj-J>JI <UL>Jl jl 1 nfl 

q\ jj-^e.<u J 4 • j V ij-u>Jl I jla <jLb Lj^u 1 L^Sj . ^>^t3 Vjl olj^^l L^j oJjkioj 

. ' L^LiJl t jjs Lo p-jj JJ ^^juaitjj^ 4ol^JI JpLcIu 



[_£l3jjlj6j i4_jJLJL>J1 4_lL>JI (Jj-^- (j-* - 4 1 •■ d-i OilJI ^^5 _ I j IS 1 "j JT laj^-ij 

jj^b ^j^. 4 t i^j-a JljLjj Ji^- Jj-^ua-jJI ^j^o Jla3 4j^jJ -*- a 4_^J (jl . V u 

•j£. <jl±2u jl Sljt ij^l Jew JLx^j V 4Jl jj .4_ojL-J1 CjLJLSIJI {jA J fljieliJ 
jjja ^^c CjIjJL-aJI 5j^1j 4 j r Jlj>J1 4_jJL>JI J^. *-flj <"m Jl 1 i i ^ < j I fl flJj-k 
,.•»>! g . ul^Jl ^j^o ^j j jS 4-Cj.cJe_^ Ur^" *" ^J-*-^ (j^ ^* O^J tJsa-S^ J^>*lj r^juulj 

^ji£. Jl Ll^uI 4^*-L>JI Ji^ i4-L£,JL>Jl Lj^L>JI ^ JL3*1j fj J^. t_a^-Aij J 

Jl I ^ .Ac *-_3^_*JiJI rl "1 ->-jj t^l Utll (J-) J9j (»Jl1I ^^ 3jj-^.j_a aJlU 4_1u!u-UI 

(-) 4_a^Lcj .(kit + Sca-1 + CD34- / lowx-) ljr Aj oU-^lj 4jMj jt^aj 




^•^1 



>oj^l J^^^J^- 
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(*)n 



&Ur**t*l\U^\ 



4_iL>JI Jl-ij 4jr '\ jJI LM^JI f-l^jl ^ f>) fufcl 

5 T ...'.f ^ Sj^.^i Undifferentiated Sj-jLaJU 

jJLJI (jr^-H tjJ^Jl 4_*_LiiJ? J^ (^ jL ^>i tSjjLCU 

.^iIJjlI ^LuixJ l^JLa 

4_ul>. LgjU 1 ^ d uaj ^L>> LLa {j^J * Lit— It— > (j^Jtj 
L4J 1 juj . ^ LSJL I (j-o-jJ j (^^jjJ I J-2JJ j 1 ct-^J^ ' 

< fll" ' ^ « cr^ L^ 1 ^ L?H 3 J-!""^ «-^»J ^J^?^ 3 L^t ^ 5_jiJLJI i^JL^JI 

(CJJI y > ua U >-4-C. ,J-^ 5JVj lUn'^l <~< mi it t_Lfc , . t . , „ 

- ^ " 3*3 ' dj q j-<-*-e 1 dn-^-LJI 

.The Adult or Somatic Stem Cells (*) ^W 



l£-$l\ 



>oj2l jj^Ju^ 



4JJLJI 4 o K i 4jf V yl\ 4-tiiJl <Ji-uo^ <ji ^jt ^jl ..U'^f Lilj . LiJj-ij fLi 
Cj 1 rt i r» 1 jpa 4J ^jl jj xjju^j lJu-oj jjfc La jJLoj LJiiLe jl U^aX. 1 fluoj (J""^ 

^3 Jj.^A'.tl i L^J (j>tj. •"** t Aj , ..j [4_ftJLi 4^£,Ju>» 4Jjv f_jjb 4-JSJl £JLA q\ JjJ- 1 
Ijlaj CjIjlj- n,,« cdLiA 4J1 IjJ^-J (jrp- ^lb J*£ (jJI <jjixLJl ^Jo-l^Ij . 4_Lp* 
JJ Lfcifl c^ljJI < u ,** ,11 4jtjjU 5 r: "C 4JLILJI 4^cjl>JI 4_JiJl ^ ^ J£ 

^jdi gjinill (o^uL) jl L$Jl£Lo *u-»L» 4JJLJI 4_t£. j_>JI 3LL>JI cy .4 * «3 }L!U3 *jUJ 

4jliJI .-m« ... JLiJj -iiJLJI 4-gKj USb 4jp^a J V.... 1^;<1 <4_J3 JL^JJ 

dUJaSomatic stem cell 5. t ... ^ti a , ^ \ ^n 5 ,i^t u 4_JJLJ1 4_l^jl^>J1 

i4 mij^ll 4 -*■ mi*>V1 <ya JL^^J aJj t Jaia 4j > ... ^tl Ay ,,/jVI J£ ^ys L*-i^>*>I 
tjSJj ijSLyujJIj (J^iJLJI ^ .In ft 4 ^-J CjJL^.J US . JiVl ^ U^ 1 cP^ 
.^j^uJI JjjJI (^S L^j! l^jlf ^lc US <4jJu^i*JI JUIaVl 4 T i,nl J& L^ajf 

0-* Ji' o^j Spore like cell a\.^^ -n 2ux. jl>JI 4_jiiJLi Lt^jf 01^ » j 
^Lij^bj M. P. t Vacanti ^LSU jjb gJjJI J^a^Jl ^ LJ>*il L*S i U^ ,r > J 
0-* J^' ^ d <* t^ '-^ ^J* 1 ^ W^Lk ^jit J mv (jro. »T» • ^ (*LJI ^W . i l l 
jm a-> t>o Parenchyma ^j - gJl r ^ ■-'tt LLii ov ^ jJJLl ^ cjLjji>SLi-a 

4JJk.1I ^JL^J u nj 1»J| ^ni^.11 JJ mil Ji\ L7 1>- tijJU V IjL^t <j! jS^'j 
jl Cj^L>. jo^L fj\ {y> _ u mI^H (jjslJoJl J^lj-a ^j".,ia ^-k. _ ^jJ^ Vj 55JLILjJ1 
L^L-sJI ^jX. « rtl"< V"t dJJJu (jr^bj ^"*j flk CH -4 Cp— ^ j' «nZjJ "'*' gj ■" > (^' C^ 
4^oIj 4_flj-j^a ^^ fl_u («-luV1 CjJLxI ^^Jlj tjJUuail 4J3jj.jua 4 j'n i^ll 4_i-C.J->Jl 
jf 4_u^liJ 4-Ji-ljJl 4j^JJJ| 5 h<tl ^fc LfcjJLjuaja j| (_3j^jua _^A L*S^ iLkjJLt^JU 

4jr j^- 4J>. jl3-^j JU.I J^" uA*^ * ^."""' tlryj- 1 ^ o^^' cJIS jjj t On i -^l l 

(JdM _ ciVT ^ • JS (ji 5jL ^'i Hematopoitic Stem cell f jJ IAAl* 4JJL 

4^ij Ldfk J>^J»i *4JIaj 4JLl^S iili. ^ lj| . ( ^ V) ^USuJI ^ L>U. <>* 2LU 
. L^3jJb ^ JJj l^Lu JJ jl I^IiUj ^k JJj UjjJ^ JJj *>^ ^^ j>UJl 



^•^1 



>oj^l J^^^J^- 



£AJUfLicSaJlbUall 



^Lol ^ J^vjJl (ji^ SjjLfl L^JI ^ 4JlJLJI 4a£.JU>Jl 2uL>JI 4-j-qm4I £y& 
. La Lajj 4-3 J 1 ua a jjj 1 fl j* j " t *i j jjl (j\ "j > LJ I ^j^a JL>-I 1 <i " a j xJ g 1 ■ <a C * j 

^u^ls ^jl2JI asutTij Sju^aij suaojii ^uVi diij ^ _ ^iLiii au^ 

(jt <j3 u^j iiiJLJl 4j£. Il>J! 4-tiitU *Ui_i2jKll 4_wukVl jL^ L*Li <jj_l ^j 
(jyjSj O^J i£l ^3 1 j ui a '•* L^uAJ JUJl_>*j (^jl^ SjJuaJI L^Laju (^tj^Jt I gjc a Li ig 
1 aLaj I (j T 4 LjL^o Lj^ >. j^JJ ^ < ii n n 1 ^jl j^l t J i n >JI ^yS ^jliLa ^1 

cjVL^JI ^L^.iU^ i<jSl£]l j-q-c o^ Ij^ <1j> ciI>U]j Clonogenic 

5 \ -wlj 4 '^* -^ be " a 4_ji>. frlla-c) ^\r *j > all 1 fljjJ ^-j mill 4 j * j j kit 

4 a>^j 4 Km. (^ *LSj)Nj ju \y'\\ ^i M.;Ti L^jJj ^-LIaj Unipotent JaUa 
^ 4-i^L^ Multipotent oIjjlSI) 3jjuG^ aji Luwt 1^.1 L*£ . ( ™ } ^KLajJI 
^ .Plasticity ojjdJI 4-L^Li. JiU ^ LdJij i4_u^j!lj <^h>J1 oVUJI 

(jyjJI g* J iii ill Lj!M-j»%J LsUcu 4-djll^i a 4 ir> m V"i a U^L>. ^j (J J Sfc "i~i <jl m j LxJ - ■■" 

_ 4_j_>.jU*JI 4j-LiI>JI 4-dJjjJI jl a^jJjjSuJ) 4jMjJI ^Ljjo^j^J I vZjLd-ilaJl L^Li. 

4_l1lUJI 4-Sjj^JI ji ^jjj^ul _ (^^ii^jJl 4 jMi7 . I I 4_1jj3JI jl j^jjjl^-4-^ 
OjLS tjUa tg-j (»iTI jf j trull Lj>Lx ^ 4_tL^ Mjt L^JJ u a " n (_,!)! (4 jl^ljjl 

opa (jJl ...<Jujl .nil! _ tjAoJI _ j»jJI _ fUijtJI ^ LMit^ Ml») f^fcPJLh*U 

A , ^> . ^ 4.' a ^j^i 4_j1>. ^1 ^Jj JjjtJG (j! » j U>" 1 n"t 4-«JLail 4_xjLJl_>JI 4_lL>J| 
4_iJLjJ! <L^J »JI 4_jL>Ji q\ \J}\ . i j--^' 4_j-LJL>JI a^jJijj_jJLI 4_Sjjj ^j^a C>Liia 
jl ' ^*JJ* ua c j I (j-dbJ Ij^L>> cr^I Jj a - 1 -' 0' * J ^* • "" t^u-4 >Lkuul ^-aj n j - -1 < ? 
y j U"n m" V _ AJtrittl ^-5-j ?tj i nil 4^£.JL>Jl L^L>JI JLua^lj _ L^jI JUj .^jn^iJI 



jl ajjJjJLJV! 4ijjj jj_>a OLJuJ 4_ti>. (^1 (jjl J^Jtjjj JjJL>J! ^JLajjj j nrtl (j! 
...(j^jJI 4 in, irj 4_jjj*aJlj _ ^ n^it II jL^->Jl Lj5^->- Jjja tA^jJj'i^jVI 4-5jjj jj^ 
J^lj 4jJJul2 ^Jb LiA 4-iJLjJi 4-j-CJLj>JI 4^LkJl oljJLfl 4jJJlaj ^jLfl IjJ i*S\ 
("il<"^ jiJ3 i^jj^ VI CjLdjIaJI ^jJI (J-*mJj iOjI L^la L7 lii Ig < mil 4jixL>JI iSjjjJI 

5 j.j :^ti a j^ j >jj 5 ji^u< t Pluripotent oIjjlaJI Sj^Ij <-A^ c^ISJ cdli 
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^°j^' jj^^^^° 



aJI 



Filip S \:^: « <jt jl_u .^L>>L_i]i 4_*Ju_l>J1 cjLi_±iaJ1 * j ^ >. L}L^ ^u .- 

(j-ujJ j L_*i*j 4 s al "v. (^jA Zi j i n cj aIj^VI /*_<-u oj Mokry J ^j £j «^ 

^ 4-oLJI SjjOJI L^jJ 2UJU1 4-^.l^JI 4-UJI <jl Via 5 X\ ajI. ^C. r.r.U 

Sj—fllj ^j^j lLLJJU lt ^ tL_j^U>Jl f .■ fl > cLLa£.1j 4 j n jIjJI JjJL->JI jj j ^ 
Cf k: 5 y.j'^tl 4 j f ,t ->Jl 4 jl^Jl ^^uJaLli ju 1 -^ ^^9 PluripOtent LljIjJL-iJI 

.^^i^jLyJI L5UJI 2&U- ^i^ 



^^ ^SJ .5UJUI 4^.JL>JI ^lUJI 4U^^ >^ll (> U>^M' Jj^ Uj 
3jLi VI <j^a jJ* 4JI JUj .J i 1 ?! <illj a^jV^L*-4 Cj*L 4-ollit-d ^ t ^ •^^•"•^ Lj^L>- 

<>* Sjujl^ ^l ^1 >jL^UI SjJl-s .Ml-nl 4^JLJ! 4^cJu>J1 L.}LiJ1 tjl ^1 

^jl (ji^- LLl (JJjU Lo yJbj i j i" ■>. 1 1 (^ l>^J Cr*^ cH^' ..V my (J>-l J «_LaJiJ3 

g^i ^1 4 j jJI 4-Lj_JIj L5_jjj UoL^ujI ukjjp 4-iJLJI 4_j_cjl^JI 2LAiJI 

dzuL$ ^ U »"wj Ljjhj i4S <j hi llS jJLp * uj>. ^Jb . Lg-f£ Lj->o (jPJl 4_ij_jJlj ^jUjjj 

• 4jj-a ^ijnr i^y^ 4-Lo Cjj>.jj>. Ijl Lol tdUl j^Ja ^^Aj 
j i"i ^.U ^ 4-LILjJ1 4jr 'l-»Jl 4 jl^tl J>?o ^JLiJ »1 qIiII pl«»" ...j... Jjfc ^j^J 

*\Sj-i (J7 £j 4 i^rtU ^-jLj-J l-S^^-uj S4-uao^aiuJM L^L>JI £yi BjuJL>* f^J->' (jjJj 

Catharine ^1 j ia^ j a ^jjpLSLia . jlj ^ 5jl-cI_3 JiLl*^ « H j >.! p I — " 
^^ (-,1,^1. V£\ £jA\a i^j^Vl Ij^uj) m a 4jl«Lk ^ ai^LjJI Verfaillie 

3jJ ft j a 4 ftJL) 4 i t ii r "k L)^l >. , —a uU i5 aJLt 4__j CJ >- L)^l i* 

^^ ^j^a Multipotent adult progenitor cells or MPACs oljj 2J1 

jjj>.Vl ^)Ij (JljJaJ 4 4>>J 0^°J ^<**<"^^- 4-La j^JJI ge j "■ I II Lj^L>. 'U)i4 ^j^ijJj 
3jJ a_Ji a I ^ 1 j ! -^. (j-J>»l ^ 3jj) "i ^ jj I fjyA uo ^jl 4JI >Jl ^>JUb ^ya 

LaL>L^ (jV Jjuaj |<J L^IaJj Pluripotent adult progenitor cells cuIjjlaJ! 



^•^1 



>oj^l j^^J^ 



«JUUI'^i£^JILUaJI 



(jrtILiJj>J I £yz * \~ n "; a ^'^..m! » ^ n ^ £j| CjJL>-j jt ^H jJo^a ^-^J 'J^*' J*-* 
4jiJLi_II 4^Lxji_L>JI L&L^L>. <jl JlSJj Lo>a t L&^pjC J J (JAjlUI (jrOJtJuJI u*"'J J " "?"" 

La 4_j_ljJl>Ji 4-j-C Ju>J I 4_j1jkJI *ja LaL4-i 4 ft )\ • -i\* p Lajul ^4J ^) ja £«-4jJLj3kJI 

O^ "<"TI qjCm fd<9 t3 j rLUi 4_>ajLLll Jtn t a iJL jL- 3 ^ LfcL}L*. 

4_i£,Ju>JI LM^JI tj^.^ (jru>. 6jLtj La^ Cancerous masses ^LL^JI 
^ l5>=^ cr^J Teratomas ^-^Lj ^>-»j LuLLa^.* L^ojj uj^"' is 4_j_i^>JI 

3^xjq ^JLA jjl ^jjo^LaJI , V ail • jj .4 1 rt 1 <"* V " II L^L>JI ^jdO 3jL£. Lclj-if l^ilau 
4_j *a-Jj :>JI Lj}L_>J1 *-j3 ^jJjjL^ ^jj " < ill 4 jli. 1 j ^ a (jjj j .*.* 

M j < u ^ri V jj^i-Vl ^^k ^hJIj ^Embryonic germ cell 5 mm?JI 
cjLJu c (^Ja la£a nJ^Lj *Lc^£ 4_JJ»JL> r^*JI ^ I a^al, i Viml J ^ < oj Ijua 

Multipotent adult iijijj ^Ji 3 a j * " ^ 4 ■ tl_JI 4 j •■■ L>Ji ^ j^ti u .. ^\ 

.oM ia^TIj jJLpJI (>a progenitor cells 

4_tCJL>Jl 4jl^ll Jjcau xJj>JI jj !i>j ^j3 d^jfcLsj 2>j MMd tuULIJi lIi^Lw aj 

Robert Hoffmanju ^Jui 1 j*^ ^ Ji < 4 « ^Lj^j j-Juj o^" cr^ ^^ (*j 

Hair Sjj^AJI vl>^ ^j^LJ' 4_i^ Ju>J! 4_AiJI ^ 5 /'j;-^ Lj!^-^j 4j^ajJI 
Li^uf L^La Jj ^ >J1 (^ ^ sfcqJl Jjj-oJl ^*-i U-a5follicle stem cells 
4Uj^U Schwann cells q\^u LjM^-j Glial cells 4 j L>jJ1 LM-kJI L ^c 
Jjlx. cjIj.^ J.a »"i ^1 Myelin dnJL_^' 5 -i^° Jlh" l^Ij ti-n^ill j>*-4j 

^jlSLaJ o\ "ut a (jlj-ii Lj^-Jt_j t . r ir-t til jj) gfc a ^LtJj *4j il^j fj I o r < ^ n<-» til 
Ja-aJ3 ^ ijljJ^u La IjUfc^ *<.iJLlJI 4-j_3 > LaJI c_il ir>r Vl ^ oIjJlJI rM-i-sJ 
4_l^JU>JI 4_iliJl C^alj Laj . 4-j-i i^tll ^Ij^aVl j;>Lcj 4_^cJu^Jl 4 jl^ll 



l£>-$\ 



2^jl\ jj^> ^XX* 



U^jl IjLA /, : « o « 1 4 i >■> i a sc "■ I , I L^L_>J1 ( j^a 4_Li_j»_* LcIjjI P-laX I 5j * Milt 

^ -^ C 1 T*$—C* f j t"Ti i ii > JL_3 4 J I f a 3 i -wlj 5^_j» (I« ^j q 3 '--^J i^u^xLJIj 

l^JL> a jl^ £ , „Vi 4JLJLJI 4^cJ^>JI 4^iiJl 3*-^ £P! J^Lj ^Lh&I 

<_dJ^_fcJ ( _y9 Ojj-jj lilt ?o 1 3j j La -^ 1 1 j 4 i _i y *]\ ** j >■ j I j j j 11 CiULJbe-Jlf Ij 
4_iL^ ^ 4J1JLJI 4 jr 'l gJI 4-tLkJi ol J>^J 6' *J U " "■"■ U^' J*-* **L±jSiV| 
(j3 Uj— till I A a j L_4j_4i_cj .V J llc.1 HcjIjJ aJI 5jj j ~r a j 4_aJU 4 j C ** j ^ 
4_JLx ijJt a oLkll oJLfc <jl Jj-aJ ^yiJ Cn i^j UojL>ji LiJLLA tjl ^pJj 4j1jL_JI 

, ^jj^l 4j±>. ("i imjTj 4j*Ju 4_tCJL>. 



4*1 Uf **§ i*Jf *iUt ^ LA >»*i mm <^4f *§>" 

:4-uVI CjLa^uaJI L^ >sl^l> 0' * . ' TJ ^W 5 -^ *> *M^ ^IlA 

Jj-^Vl (JJs Clonogenic I ^ . ■■ n .> r-i ,,*)' < J LT k. SjjloJI L^jjlI ^^Sj jl _ Y 

^ J 1 ■■■ ill a ua UAJfc lj,l U^_J>J| p'j-)1 *M^ ^ylaJLJ L-d^uJ UfcjjJU (_^IJ i4_AU 

. 4_jJ3 "-^JJ ^JI-J-11 |T J' " '^ 

SjjLiJI _ L^La 5 ^. ... r. ,„tl 3ajju>JI Ij^L>JI ^lllJS^ _ L^jJlI 03^ u' - > ' - 

!jji L^ijJ*- ^j-4 ^-A 4^jt-t-u-La 4L4L4J 4_se_lIdIj ^j <a 1 >^ ^-" 1 1 <LoL^ L»!M->» <tLLa£.J ^^ 
L^L>> CLuL^ (jLd . 4_j_B J^>-JJ (^ Jk-Jl gj muJI Lj^Li- ^ a j ^* gej ^piij L^J 1 L^L>- 



'^•S\ 



2^jl\ jj^> ^XX* 



*4i)Ufd-clAllbUidl 



3-iLft'H jt Plasticity ^jjjlIII 4 j ,nU* 4_» ^Ij^JI I 4 -* *Ij>j Oj^e u' - * 
4_iJLJi 5 j ca ->JI Li!yLiJ! 3jjl-s j^j <Transdifferentiation ^^i^ 

OM - .1- * - . . -f i. - 

Progenitors j ,,,'i^H L>L^JI JiL* <4 ^U.nj L>L^ ^J Jj -» Vi jf _ o 

. UU3 S^jl^.a Lj}L>. ^im'i tji J^ Precursor 4_JqVl Lj^UJIj 



4*IUf 4*fi'*ftJt 4*ttJf jMtj I 

uM_a=-U 4_jJLj_L>J1 5 1 mi "Ml 4 a j rt ^. <— aj^ t-«a % j c 4Jt J-J-3 <j-*5 uj-JIil Lu 
^j^o j <j 1 II £j-A ljuj_<a ^^ uaj Ij-Aj tJuJUseJlII 4j«*j lt^" ^JlILaJI 4_^CJL->J1 
4-iJLJlj j a tllj j^aJoJI 4-ilLjJt 4_iL>J1 <?jufc (^^lil 4_cu-iJ C^aJI ^ SjIjVIj 
Jjl (_^JLj jnt J! <jl j jf .(jO-^-LJI aL«1 IjljJUs* IjJL_>u Jj-litj^ *4 j ^ A VI 
^a I, W t > 4jj^JLo iL_ljL>- !*!> mj i^uaiiteJ JU3 £JLA 4 tlLJI 4_j_cJu>JI 4_lL>JI 
Lj>Lj>. ^1 3jI_4— III ^ OJ t "ill dJJ Ju^ ij^-jII L3 JLuj>JI ^^LuJI 3j "i i 
lIa^j (jL>- (jl ^yJJ ajufe 4—jJjVI i g . >■* *1 ,^-*.x A Us ^ ". *». a C-JJoj ^ ■ <a t ^» *» "■ .-* 
^jl JLu . 1-^jJI 4j>.L»* ^3 JUit>JI ^^2 La j<nr jt g- j mi \ ^3 LfrLa 5jl rtlm VI 

La£ LaLcJ tj-jJuJI I JLA L^j aj (_^«il 4 j nj*\ H UJ ^ (3 ? J ^'3^° f* d '^ *4jJL>JI 
*-±&>* ^jl (jr\j>. /_J9 l4Jj^Ld CjI^juO 5^-jI ^" a j-±£- 4j-«lS L^jLoj <_jLlj_uI {jolgau 
^jqS" UJ^J . aLjJI ^j n i n V" 1 1 j JjLojJI (J^-I^H* (^J J in"i U^J^-^ jj^a Lj^iSJI 

4 jm'i^JI 4-jji. Jl->JI 4_^L>JI ij\ (jrj-^. (ji»-fl • Lii-b JJJU 4 j j <» j oLclj-i^J 
4-HC^JI 4,Ufl C^L^ «a ,n./iT",ll Jj^'Vl L^UJI gj^il ^jo > ^ 

j la Oj t L^J^_>- ^j^a 3jj1jJt d . ^Mj\\ olj_uLDI ^jx. I.tjt > i-jJL>- l£5>-" ^JlILJI 

« hn - >o j^fl i^3 HjM*^ ^1 ^^i ^JLH |*J *J , » n"i mi l j-JtJ 4_j_£.lj j^^ 

, 4^1 1 L.U.A 4j-i* a *let&jjLuA% 

JL>.^j ^jyjJI (jlS 48,H L-LjlIq 1 j" d j La j l^^J-'J ' ^J '""*"" J *4jS * . ..-^.tl ^ ae j -Jf 
4 jr *l ^.Jl 4_JL>JI (jr^J 4JlILjJ1 4-j-g. Ju>JI 4jiicJJ f $ A J J , 3 "' J* "' A * 4 -j-' 



^•^1 



>oj^l j^^^J^- 



I*i-ilall 



jjLo-JJ r«J <*&_kulul ^ * * ^—9 fO-llj jj^ ■"■ ' JU>*JJ (_Ij1j tAjJI U^M-^J ** * * . ^ I | 

*1^__<jj 4j3-^jl!1 3jjjl!I ^pja 4_jjL>J) ^jJI bM_>J <JM-^!j ^P^jj-aj 4 A« r 

4lU.ll 4-jjI jUll L>L^JI &l k 'at* .V,i ^j . (V>J 1 <jir *,„ T H ^^ V 
4 .tijjl ^ ^j J 1 * u jj^Sj 4_iJLJl 4 j c , i\ 7J t 4 jIVIl ^jUj ^Jljl jl ^jL*j 



4*1 Uf *«f H*H ^iaJU 4** U «*»* *-* cH' y ** f 

4 jl^ ^yA LuJUl uru eH-H 4 j\^,!l *JlA <j' tlH* J-^LllJ JjJo JjMj Jl_>^j 

:4jlJL) 4_l£.jl>. 

SjUj _ 4_iJL ^if'i > L^>i .> rt "< t'l u/ ^}\ - LjM-SJI Labeled ^jj _ > 

»dJUj Jllj 1 j" 1 "-j * ■" * aj ^y^JI y xcuJjj Ji^lj <jJJjj 4 4 m t a 4^jLi-<a_|S 



lUf i««MI UUaJl ^i* UM >-« oH' 5*^*l# *U»^ I 

jpu t 4 ilL ^Ji oM-i^Jtll (Cr J3jiaJI ^jJI ( 4jj_4JJlII i-t^j^l t^lUt H ^^u 

' ^ j a» *L^ LdU "^ J.' >*JI (*-iJ ' j^ L-o jfl l_-Jj ^cr-^ '^ ^ ^ j^ ^ qeJJ 4 i U j 1 1 

i a j t .^ a ^\ . U ^ V \ j 4 -ar ih*)jH ^JUb tj <i -^ 01 iU ^.^Ull 0-^5 «3j i Mill 

.tlj^QJl 4 1 1 1 *r ~n J 1 4_lxoj>^J1 oLSLdbJI 



^•^1 



>oj^l J^^J^ 



*aJUrki£^aJIUUaJI 

* mm * a* 

IjJ2ij Precursor /progenitor <_JjVl LOLkJI oju* ^l j j ,Vt jl j_>V (jL£ 

L}L>Ji lJVJ I d ' J.' jjji"'^ 4j_j-JU-*aJj i4jlILJI 4_a£. JL>Jl 4_ii>Jl «w« L^jLuJ ^J 
JuJ3 4JLILJI 4-ig,JL>Jl Lj^L>JI . Lc j i>tc jl £j-i-uJ Lr* ^^J^' 4JJLJ1 4jf ,*l^ll 

4-%-uol ^^ csji jkj r tj ' - (^-Aj • 4-jJj4l u^L>JLj ,i * i j -^ L^L^L>. ^o in"»j 

(.jl-uu t/,U,')S lyJb LaJLuj iLjwx La '^*»-~? 4^na i <a je j a jl j j 1 n " 1 1 d ua^u Lg-it 
aJL-Sj 4 _;l* c 4_jJU ^y3 t-iJJJLj Sj^jl < .i a tJjoLSLJI jjl ^ " H j TLjuaJjl ^^Jl 5Jl&I -w 
JUJl^ij JL*£ ^Ji Cr JL^u3 UjjJLJ ^Ulj «j»LaVl (^Jl ^y^JI ^LJI J^L>-* 

Intermediate cell types 3 jja -j II L^ kJ! ojla jjl la Ijj . jry >tl 

L^3jjl3 ^juJ edJ jj t 3_i2_LA^ 4j-cJLjw LMk r.M.jf (Precursor /progenitor) 

L>}UJl o» ^ Jli^ • La £^ J* 4, n .nV il l LMiJI £-1^.1 J£ *LW.I ^ 

LMJJI 51 ^uJLI pjJI UM-k Jaw Progenitor Cells p&*}\ ^ <J* iJjVl 
killer cell ^JjLiJI 5 : ._,,un ioiiJl dJJ lx£j B lymphocytes T& 5_^i z^m\ 
L^Iajx U-fl i^^Vl 4j^jjlJ1 L>UJ1 4 x^j ft LLa£.j ^jU" ■ ,r> Vj , U 3 «i Natural 

4 j r.'i ^Jl L^L^JI jjc Jjju >a . La g-j ,„'i ^ Progenitor L>L^ j>-»»_a u' 

^ jx Ju>J 1 L>L>JI jrtjj <Laj uyjJl 3_JjVl L^LiJI ^nj j j j n "tt 4_Li_j_^ 

. La xiuJ ^^B 3j^>.jJLI <L> ■ Wl—jJl 
r* ■ ■■*'*** U»Juc tc^jj-Jua ^-A Va£ 4a^Luaifc-LQ J^ 1 ^JlILJ! 4_j£.JLj>JI 4j1->J1 — 
5jjl^j LoLo3 J^d>U iliLLaja 4_t£ ji^w 4^1^ J^Vl (^ UjfcljL>.l *ug"<ji^ w ^^ 
lLUJj t 4-^a uaifc.j * ^ j1>» ^jj\1 ^ ^j«>.^rl 4_jJJikJI Lsl i4_jjLj S^_a >l— uu-oj VI ^1^ 

, Lk>fll oj t it > 4_1jjmj t Aj> U>t 1 ^ .Ui «jiajLj 
:| 4_AiJI ^ u ^jS:ll ^lc ^^fl 5U, ...jtl 2LJjVl 4_AkJI Lai . 

: LJ L;r ^ aL^JVI ^ gjVn ^ jJI jLJLI (jja til! jj i4JJUI 

** ' ** ^ ^ 



^•^1 



^°J^' JJ^^^^° 



all 



j^yi^. 3 j t rt U I <i fll« ^1 t Ml" ol (jl (jj-l -j^r~ i <Q ua-je-j A ^**> jl^. ^In «"i _Y 



4ilL 



4iU 




>jJJ 4jtii-<a-o 4JUL1 4-lC j_>. 4j1>. JliL* 





^ * *' 1 <** A 4JLjLLl# 4-iJu 4.j f 1 L>- 4j1>. M ny^'l' 4_lL>J1 iJlmj] 4jua-ua "-" a 4j1>. 



• * toJ * uj '^j' 4j1d^. 



I I a L-| ■ , ,. a 4_Jat pLi&j 4_lL>> 



(Y) JLJjt ^liti 4^ : JliLa 



(^t^4->- fO <_il>. j d .^ ,-->-»■"* 4_lL»* 




fr 1 Jaj ) >J 4_tL>. j ^Li^ i^rs-Iiia ** j '-*»- 



4Uj,»yt 2u!jY1 SuliJIj iiJLJf 5U^JL>JI iUliJt jrU Jj^iJI £**£! ( V ) J*^ 1 



^•^1 



^jl\ jj^^XX* 



♦ *m m ♦ 



*&JUr*jfi£aJI bllaJI 



Intermediate precursor cells 4jft«i|JI 4*1 $2 1 L 

Ja^L^J iiil juj iC^La jt C.j j.^l ^1 gj... ill L)M^ Jstja JM^-VI -) 

^■J Lxul! /— AjJojJI pi J J I 4jjIj Q-J ml ^j ^ I ^"^ 4jJl_>.jj *f J , ..ill LiU-uL-O-J (_?l£- 
4_i^c Oj^ ^1 JLiSJI l*1JJl£j ijil CjLjLuoI CjVU- jjja £jJL=fcj La ^U J Jlla 
(j-4 5j>j i'/i^ A » j C 4_UlC /_J9 d U 1 "**' * aa i .1 ■< jl 4jJlula 4-jjLc. Cj Lljj ji^—ulJ LjUIJ 

.4-tcUjJI ,lin^ll iatLut 
pjJb 4_la_ujJLU 4 ua ■ <a ac **■ U L)^L>JI £jA f ^J-*! ^ "** U' * J *^j ■ - j Lgjl — V 

^yJojG Precursor lymphocyte 4_JjVl < ^ ^ .JJI 4_iii. M'i a* <4_JjVl 4 jl^tl 
4oiSJI <illj£j B _ j T- lymphocytes ^^.^^~n iLoLS 4-^lrt « jUI LM^JI 
<>* J>^JUI I jla o? >^ u' ^ X* Natural Killer Cell 4 imUII atsLSlI 

t_fljjJo 4J j-al>ij o' ' . ' T J O-a-uaJtJjl 4laL£ Lj}Li. ^1 4 jUinj 4_Jjt L^L% 
jl (j-^ajl TH'J- 1 J» 4-j-iLa jS (JjLljjj jl 4 m a oljLJuLS iajj (^>- 4 i > uLua 4 n to 

g-j- -'H ^yB La (Ji>- jl j*J-A 



Transdifferentiation or Plasticity 4*)Uf ^rfitfclt Uill ^ 4^4*111 

l.rijl ^J3 t 4jJjJLjt* I j LjJLj Lte^aU^j iiJLJI 4jf J >JI <JjJl g^L^J <jl£ 1 jj 
4^LL>JI *JlA (jy Lc Jj! (j^Jj i^jjJL-iljJI plj^AJl 4u&^_$ jrytlLJI jL^JI 4<;-w <j 
iduji L-SaJU,! ^ J£j ^ ut dj ^yLc e_i^LSJVl ^yl^. *^aLJ^-J1 5j,i n a ^j-a 3j i ^ti cdljj 
(_3-Aj 4JJLjJI 4_j_cJL>J1 4 jIV II gjj <u*j 4j ^J 1 * 4 ^^i>^ 4 j i^L>- J}Lx ^jjo LiUjj 

mi 

SjjLfl ^a ^y^ >jx. ^j! o'iII jl i^jjdJlj jj-ua-illj Plasticity. 4jljJLUI 4_LioL>. 
jj^l Lj>Lx ^J Jj Tt-'JI (jJLi Ls yj <h'i (^ja 5 ->>^->ili 4jJLJI 4jx.jl>JI L>L>JI 

L>UJL3 .UJ s^l^i c^oa^ij 2Li]LJI i^J-^JI L>UJI ^ l^.lr jJlc 4jU3 
_ S>jJloJ1 L$J iAjU 5 * ; . ^ 1 1 4_lcjl>JI L>L>JI JllLo (Lq *_; — *' ^ya djjjwjJLI 4JJUI 

L4L4I 4^JZL%4 4 <^'^ *-"^ L^L>. ^Ji jjLojJI jl Jij **■" 1 1 ct^ " '*'/" i-£jjJo ' " • ^" 

' J J 3 : . t ^<* LMi. ^Jl iiJL^JI tf Jla fjS >jlII ^j iSu-tnL-uVl LaL5L^ qa 
^jjlUU uM * (Vt) f-s cr^l iiJLJI ^.Ju>JI jll L>U. Jj^L. ^1 iL> XJI iba^j 

4JjjJ Ci i-iuj g ** j a - ' ■ 1 1 " 3fc * a 1 ^a idOJfcJJ <UlJJl (jlSLo <— S^Llo*.! L^J Jj ir^rtU (JJifJ 



^•^1 



^°J^' JJ^^^^° 



lo^liJI 



l*a ' .^LxIj-LkJI 51 ni'rU (^ SjjLLa ^-flMli^l 4.1^ 1 _ La f-^j ^jjs SjJuLa ^j^J Jl*9 Jj 

L>Uw q\ u^- cr* '(V^iJ^ ^Ji <L>* *-^" \^\ ^J-^ 1 Cr^ 1 f^ ^^-^ o' 

Ju V jjSU . a^Jjj£jVI 4j"ujj (^-Aj LqLoj SjjULo 4_Sjjj jjja 1 miM ^j uajdl jLg-sJI 
^j i-u-Ll 4jua ■ <a 36 " a ijj*i-t 4 jl"»» (^JJ La -^ -■■ 't 4_^£.JLj>JI <UL**JI <Jj^>»J (ji /d*-i (jl 

r> Ji_ a» 1 jj SjljxIj 4. jmi**- 4_JajjJ jjja 1 ou-J JL3 ^ 7~ J ' " ' U*- 5 ' '*^. ^JJ-stj 4jI A ^ 
^j ^Uft*JI ^ ^ 4_JlJLJI 4 j rj >JI 4 .Ull 01 ^iUj ^ jLJi-^ . JaiJS 

a , ^ v > \ a V .a L^L>- Liia_)1 1 * i o ">- ,- — A* t J i^TIa i4 ua ■ a se **■ 1 1 t J flJI L^L>> 4 

-. h/« -+-J «* •* ***** W^ -J + -J m ** _/ 

t* 

4j_cJL>. L}L>. L^J ^->-iJ c^ 4^ i n*i VI »i <i>. «^a IJlSLaj ,' ' 4jlti>JI 4Jajj_aJl 

. 4jjjdJl 4 jf,i->L>» L£J J ^- *" " 4jlILj 



OS ♦ 



mil b**li c-t U|*lll wt» tt j*t ^t tUU I > w 

4_lL>. ^j^a _ (J j ua "^tl 4 jl o t S> a4 1 $ ttt d * q a t -, in A djuk ^1 ^—iJal^Jl O^a 

5 » a j * a j-ljlj Jj 4_iJ^_C 4 jin r j4.jm i-k.H 4j 1 uii ^9 Jj jl ^£. LaLu < a 1*j "- j 

•* 

^^ tt jl i .-^tl ^ IjljI tlxJL^ La Lj>*i LJ t>_ij jjl Jlj^j L*jIj <liJI ^1 JLjj 

Lj_»-_aJj_LjJ I ^j-uiljJa Ji ri<*tlL>. Jj i 1 $Ar j a " 1 , 1 ^ * j j La 1 1 j (jliill (j 'i j aljJ J^ 
*L*\ i-.o mi >u i^LtJj 4j1 ^ i ... 4JJI SjJL-fl "Lfl^Uo ^1 VI . 1 ^ Ac l-BjL< "ill 

jjjJI iljL^JI 4jj...^1I LMiJI JL^ tlnj ^^j *j ±*'<~> *jjU 4-lx ^ tj^L^LJI 
J^ ^ c^Lj^i 4jU,,„ <G1 U r^.r,! ( ^Lt_aJI SjjuCLIIj Jl£^Vl 4 Al"^llj 

j43j^jjm» j^- ^Lj-JjIj ^UjIiI LiJ j ^Ir > ) (jr*- 3 - I JuJL>. I n ill aLu V LiJlj tjjji e-i^p-*-" 
.l-a3ejJ1 J^ 4n>fj ^>*^ ^JLH 1 ^' J^ *Lj^VI ^>j O^a ^Ljil Llil^ J->»JJ Jj 
IjLA ^ 4-LaL*Jt "Jj-a-Ull lJoLuujVI ^ IjuJUi L^p-jJ 4_ja^L>JI tf JL& ruiil 

(_)j jj J 3t **■" <_2-Aj tLbjJ^J I J) t J V* f<U tjJL-L<aJL1 ^ j mill {jC LaLu l *^ 1j scj j->-' 
4oLo-ft-II ^?J A (- 1 fl >J ) JjJLskJI y jiaJtl LiLp*. (J-lloj ^^a 4_LxLl 4-t^uua -*•" A L^l^ 
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>oj^l j^^^J^- 



'4*JUI*o£laJI UiaJI 

^^.i ■»■ j i ..* ^^jg o^jj aj tlA- 1 -^ r* j j ■' * t^H* oj-S-I i Labeled 4_^aj_t^^o 4JLlu 

4_i_c Ju>Jl L^LJkJl (j\ i4JjJlUI 4_i^u»Lit_» 4_Sjj-aJll 4_j-j^oL>Jt dJUfc jj-a .t"**' '"* 
L-kJLjjj 3 ^ '^ t "'** t L$jI ^-^>J^ <j^\ » ^ 4_La_pJU oJujJL) _ LlLi (jjj jj- 4 - JJ^ oJtJLiJi 
^Jjujj iL^ij^j Qj* I j y"n V Uj->-J I J* A SjLxlj 9ujuajj t JUJL*Jl ?rj mill u^L*. Li 
1 fl" * j i ^B p ae - ■■ Zj JJJj . LglLa LJL^j* LJa xoiaJ (jt^ t^'j - "" *t j > 4 -^J L^abJo ^Jc 

4-u»jV j^Ull o^M^I (> JUI VJ-^ 3 <^h> L^J 'gj",;!! ^Jl J jl j.^itll II^J 

L«_£4 Ij^aJ cP_P «-3$-** *4JlJLJI 4_i£,JL>JI L^L>Jl I fl j j j a jj ^^Jl 4-jjJlUI 4 j l^Lv 
4-iC.j^Jl L>liti] 4 joaVI ^ jj>.I Lc^J C^Luai Jl^ 4JjJlUI oUjudLx J^Sj l*UjLjj 

^Ja 4JLILJI 2l_l£,jlj>J1 auliJI Jj>>«j ^ lj-jfc^j JLfl pLqLlII o>SLi Ijuj .3JlILJI 

. UjjJj^j f-A (^1 Lj>I^JI (>» ^ \£\ ij\ j+**L\ 

4-iiiJI ^^ t j n, ^tl ^ 4-iiL 4if.'>v 4 j\^ aaI ^i ^1 LLa j j ^.'t ^1 jliVj 

, 4-L2X1 Jij uaAll j-J-£ L^i ^>dH" CjLal JLJuuil ^j- « ' ■< (j^^J iaJlIJ 4*1 mi ill 4^LJl>J1 
Lj^L>. 4j_cjj ^j-tuL ^jjq L|^SJ 4 t^a '^^-" ^ Ij^L^» t'lhr. ij t4rthV a (J^xl 4*r mil 

. >Lal^ >Lua^ 4j \jA;... ^11 Jlj^uJI I JLA ^ 4jLk>Uj 
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>oj^l j^^^J^- 



I« 



j^, LaJa , La Ju>. ^Jj t.'Ur 5Uh^ * cJL j>^Vl jj! - ££jLaJI (^JjJ-C - (ok-? 

oLJ3>L^! liJLa o' ^ 'S^h* oL^Ll^ -UJUIj SLiiu^JI 4^jl>JI L?}UJI 

<jjfcLa 4J&jJl 4j*-j lt^"3 ^ Cx^-f^ Lr^ 5 "* *■ * ^ '..V 4JjLirt , Loj ■ <-_9j-m*j . 1 uajl 5j j «N 

, 1 iUji ^jOjjLJIj (j-uj^LaJI ^j-ujj-ftlJI (j^"j f v*^H (^"j^"^' l^jLa £y& <j£ 



4_»jJ I flfljd }L£ <jt ^ 4JJLJIj 4 jMi-sti Qh'rjr *V-*ll <jryj-L>Jl <>a J£ jdTi - 
U£ i JjusVI 4 jt^lT (jOJLllaja ( jrOji>. *LLacV 1 fluni'i JLjJL>uj a I u^flJVl ^^k SjJLflll 
_ a \^ m A cJjjji^ ^y3 _ 4 , ^ . * ^. j a u^L>. pLLn^j ^J-C SjjJill 1 j j * I I 4 flLa ^i-S <jl 

. 4 nta l-ojUoj ^-ijj 

^ylc 1 * ^ ■ * (J^ Jtj-c ^-^ (j^j_^.LiJ! v rt " • 23 i - jLJ ^ u^ 1 ^ Wi ^J L^LJE-i jl * state 

Jajva • '^ 'j, y i j c I LcS . \ ^ gi^ (j£ ~ m y*' •>* *j * ** " *U '"'N j ^"■■"U ji CiLa ■ "lj*' 
*j j ^ 4 OLujjj-jJI aJUfc <4_i<oL>. CjI m-w 4LiLi_u^j 1 3 ic j ■ £ 4_jU»Jl Ji^l-i oLlijjjj 

5 jlaj <j^uJ a 1 CjJjLp Jaj L^j j-4^ (_7^1 JJ^ 3 ^ ci^lAj b^iitU 

*4jLi^>yi £*y* ju^. j < Cr..t'ij Homing >>.L*jj c/\ ^^ SjjloJI I^jjJ 1 <i^ia J^ _ 

L^jjJ ^ . ^ , ^» ^. " ^ Lj^L>» ^Jbuu l_3j_ij> La ^-j ■ ■■« f^ I j " C 1 jj i-l-tc Ij^uJI gJu^Js 

. L^>->LudJ ^ 4£jLiJLI fu ^j -5*1 i^ti ijtiJl ( *H" ^ ^Lill ^=*i9 t jSL-J! 

La^La JS (_ ;r i^ Jij) i n "hJ I J, . n*.4 _ 

jjf VI (4^jJl 4_^j j^k. jj uall 4_Ajl>-«_a t-.M. jl 4JLILJI 4 jf J gJI 4 jl^ll 

Jj3B_«^ Vjl I ^fic J -^ st-jJa - 4 j i j *"^ II 4-j£.JL>JI 4j1>J1 Lai .£jjLi (^-AJJ dJj->-jja 
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fciJUl Ik^laJI UUaJI 

j>» jl 4_A^UI SLj^liJI 4L&JI LMJ. ^ ljua-^3) 3_ajjVl ^ 3 mh> L>Li> 

^3 ^i D (jl Jljlj z\ 4_xL_L>. 4_lx.JL_>> LiL-i- ^ ,4ft. .Lai 2 aj fo "-N ; ±f *' ua^ 
JLjJU£.j JljJ lC 1 4J-x» ^ 4jjjiaj (J^ljuOJ J^*JJ '(j^l dH^-l' - i ' " >■ £"J^ '**' mm * 

.4jJujL>JI <UcJu>JI L}L>J1 ^^A iJJLA jl Jj^u (jl w j U" c ii t Jo^il 

L^jL^ _ 41±xjs <_flij^li ^3 _ j m ->Jl I (^ CxCjj I jl 4j-Lj-L>JI 4_t£. JL>JI 4jL?JI 
4_J 1 a L jt_a <4_uL2l1j 4_Sjj_Llj ^jI_4_jJi ^J** ojJlSJ! Lgj l! i ^ 5 < ^^ " * L)L> <JJ^ 
L}L^>Jl ^h JlijL^tJ ^ ij^*J .5 ,^. ^ be lli L}LjJI fl>jl t>a l_iJL_C t-dJjj 

(JjiLaju jj j "■ jl_3 fjs CiCjjj j ■ j **• I . I jj^o Cj JL>.i ! jl 4_xLll>JI ^ j cJuhII 4_^L>Jl 

jjL^jj c_3j_i_u L^L>JI 4JL& ^jLa _ 4cji)_Lll L^LaJJ i . ..-^.M Ji^] <_ c'<t-"<1 _ ^^lill ^jl^ 
5 j <v't ^T l Li>UiJ| ^j ^-» tiUjLij ^masses Teratomas ^LLsj^-J! J&j'L ^>ju 

^jl^j t-^L_*JI ^ 1 ^ ^1. i V" i..V jf 4-clj^JJ 4_>JL-o j -lj2 3 ,^ ,^, ^." tl j_lC 4 xaljjl 
L^jp3 La g j i ..'» ^ 0£.j3 I jl 4i^ii^iVrll _^jC. 4iJLJI 4jC JljkJI Li>UJI La! . ^° V ^ iJLJI 

jo>.^-) L^3e_4uj_i jjo"it udJ j_9 igTjintTl L3L>J LoLu 4-ajLLx^ L^Lx ^Ut" ^Sj Jj_acjj 

L^qIjlj^ ...V >La1 L^laj Lq^a i Jo2 ^ l^ic LiijLso ^1 Plasticity 4Jjjl1II 4j^oL>. 

.(") U ju^i ja 3 \ ^i J& 2Lilti ^Ij^f J« JM^VI ^ jl ^Lm1\ Jit 

Pluripotency cjIjjl^JI 5j^j . 

^ji^. L^jjJL£ ^1 l Cj 1 j * 5 II 3jJ9j 4_j_l^LJw ljIIj 4J 4_j_1j_L>J1 4_j_C J_>Jl 4_iL>JI 

fkjjjjJ^jVI ^j Three embryonic germ layers 4jM!J1 4_lLuj>JI 4_»_ajj > j>JI 

CjijjLfl olj ^al>Ii ^ ^,$4 4jl1LJI 4_i£.Ju>Jl iiiiJl La! .a>j_}jJL)^Ij AjJjajJLlj 

( 4_j_3 (ji-uij tpJ! (J7 j>JI xj-l^JI L>L^ >-x^-^ f lU^V .Usa Multipotent 5jj tl 4 
JS (jiajG ,j! *jU- ,„"Np)ir^1 stem cell jJtl ^ 4JJLJ1 4_±£. Ju>JI 2L1UJI JLl« 

^ya (jr^Ja )4_jjl^L>JI aJJt JlLaj (jr ^*3 j jlL>JLI (^JJ 4Jua Ci>-j^ I jl Lot .g_Ll L5L>- 
ijjlj-u Lt£ LiUjJ Cjl^Li} ■»! cdLiA jjl ^1 iSjJt" a CjIjJ3 CjI j Cx^l-J 4JL>JI 4JLA 
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>oj^l J^^^J^- 



I'kiiaJI 



5jm'i^JI S-^c ju>J1 L>UJI ^ Jji^^JI o>^LJi ctu-. ...1 j^lUI ^ 

4 Irna" tt a CjJ I j La (jj-^ J - (° ' " ^ '" 1 C - Jj> * ' Jj ^^-C-* r*J * ' <-*->» 5^ j iS Cj Lm»SLj ^^J '". < 
t 4JjLJl 4j-CJL>JI L}L>J! Laf . JLljw! SjulI _ 5 ,^,^^"^ ^j_^. 2A±< l^UL-tj 
<"r o r nrt )l JLOJ9 i j j j »i U ^yB 1 fl" j o mj ' d**' c ^ J jj Wj-* 1 OJ)**' **>LJI JjL>* LgJ-Ljfe^ 

JLj^V L}UJI ^ (^u ^1 5 : ; : ; r t l La!Ju>J! L^UJI ^ ^JOLlJJ Ijla 
liJaUl 4JJLJI 4-ulju>J1 L>UJl LiiJjJ JUUj .£>UJIj '<lc\j}2\ oLiUt ^ 

I jj >n i iin n Lg-J J^J I d *',!*.' L^<L>JI 0JLA jj\ JLu '■>! (ii rtiVI £j£. 4x.^_mu Cj^Sjj 
tj^lkll ^ LMiJl & jufc 4^cljj J>U- ^ La^jX. 4 jmi-^II 4_i£.JLj>JI Ij>UJI 

CjUlj-p. jji>. J5L>. j.* LAj_aj^. jlIa 4jlJLJI 4_l£,jl>JI L>L>JI cjLLud Lai 
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jJLJI ^a (Fetal) jjjLJI u*^JL> La >j -^ sm 

Ojljudj Jl^j iJo -sll 3j-jj3 j±*A jjJI Jj-^J i^JlII dllil 
4_U ^jjl jj mil j t\ c (jjx. 4JVjl1J «fcfllj)t 4 nK 

mi 

>-*£- tj-ja uJj-Sj (jj^oLiJl j*J^Jl (^ J^J tljL>. ^^1 
JL^J jJaLJI jryL>J1 (>» 4_lcJu>JI L>L>J1j .4^111 

5j j 1 a CjLljO -*$->*J ij^o JLj j 4-Cj-uiJ ^oLlL iji-^- 

^LL^J ^ 4JL1 3jj£ I^jjJ ^1 t 4_^ juhJI L>UJI 

<>. t jai *^i \j£j *iu^j lw* j_^i^ ^1 ^ Vl ^^ o ^~, ( 

(01) LMkJl tfJ^j ^LJI jru^Jl 4*^1 ^1 «l£UJI J£ ^ 



L-^ — i. I — +>\ 



Fetal Stem Cell (*) 



w4l>XI 



l£-$l\ 



2^jl\ jj^> ^XX* 



fttftfiiAirktiall 



4 <j jljx^j ^jJI g-j ,„HI jys Multipotent cjIjjl^JI SjjlO^ LiL> ^ • 

* j u" , ,.* V L^j£j <4jJ 3jjj>»jJL1 n ± in ill u!h_>. kjqv ^LLlC] * ^ k"*' i iU t^jf ^^Jjlj^j 

Fetal j^LJI u*J^>JI <> j»jU 5 S — M 5 ^ '' r 11 L>>L^1 J LSI I J; : - 
»li^ nllj »lj-4^TI ^ jdl L}L>. £\jj] ;■>*-> (jjcuu Hematopoietic Stem cell 

CjIjJ SJI 3>— 3j 5 j ud\ i* ijr J& 4 j-IiJjJI A j CJ >JI Lj^i aJI JjlU" 

^j Miill 4JJLJ1 4_l^ jlz>J1 Lj>U>JI j_>o 4jI M.r> L$J1 a_ij iPluripotency ixUJI 

_ dU£. 4jj^wI -lj^>-J OJ-5 - Lq^a VJL-uJj ^"J-kaJ ^JJt J**^"' **thH^ PUj^I (^ 4 Mni i 

)SV f I jJaLJI ury^ii ^ Ju>JI 

*1 i.i n'lVI L3 i£. I J^>. 4_JLc BjJLdJ 3 jf 'l ^11 *J3LJI iJrj-lL>Jl Lj^Li* j j o Ti _ 
L^J i fl J*J 1 4 dli->JU J-4-i-II J-^ljii. jlj-^j w ^ 4-Jjj-jiJl L^jjJL2j Luajlj y ^^j ' " * 

1 ' ^j i <a ^ j L5^>JI ^j^i l-Aj-i£. ^jx. L^J L>J I J w m ^Jl r-^l til <ljfcj_ja ^Lil^ 

L^o jl (j^l i-U sl ■>> "II Lj^uaLx Jj) -w j (* JL-C ' Cj-^J * 4_j_C JL-pJ I L^L^iJl 

L^j q_^j (jjlSJ ^ $'<* 4_Ajj^jiJI 5 ^ ...'t^i -a «Antigenicity» _j w ^ ■•■* 

aJ aj (j-4 j t J ti I j A ^ * j >. ^^ 4 *' j i ' a 1 1 j * 5 >J I cJlJ G aJ $;^j-jJ 1 ^ j * <>^t I 

.4-ii^. ril^J jl l^jlf Ji^-i Ijl L^a (^1 
I j£j 1 4-jg. JL>J I aLI^jlJI w ^' L^L>. ^^ j^jijj 4_2bL-iJI 4_j_l^L>JI L^oL^>> _ 

jl ^)LLdj— (-u 4jjJ ^yiiJ^ii ^^ PJlP W^l L7^ i^-j-C J_>JI ^j— 4-uJl J; >JI L5^-^ 
(JjUojo Int a j^c i St J l ^jjj Jj3 4 (JLH^^ ^bi O^'j"*' L^^ j' cr^"^ L-K^H 5 
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>oj^l j^^^J^- 



Graft jt 4j 2lcj>H! L^UJI jl^ > ^.uti L^U. J^ ^ da^ La ^JUa - 
■ ' Li^all L}U. 4-*^L^4j ^cjjJLI L>UJI ^^Sj <- b n%. .versus Host Reaction 

4_L© ftlu L4-4 t^jJajj-ll (^yJj ^j^jJI J-u>Jlj AlhtH ^^j L^L>. J^j *ua JliJL>tJ jA\j 
^ \ j 1 1 n j^SLj l^j (jiajyLl r^Lc <jja VjUJ3 1 JlSLaj j4"m<i4 (J3& JL3 pLdcl i>>4 
jr^x 4-j-CJu>JI ^SsLJI Urt-i^Jl Lj^Li- £* LaIjj V * g J uy-gJl ilj^vVl a JUk )4jjj| 

^ylc 3j-il^ f^y L^-^*^ 4j£.Jl>JI 2uL>Jl Jjl^j Sju^iJI j^l^ijl ojufc f^nT-.fl - 

^ ^ln^o 4 j m fir ^^Ij^al t-dLlA }HU3 1 jl>.Ij o3j ^ ^^hudjJLI ^jj9 j>4^ 3J£. tMa 

J^JI tit ^.ic a Ah^n ciL. 1 ■■■ aL Vlj \ : N kJl^^-oUl ^1 L^>U 



:^UI *«yU) «WteJi LtUli fet^i ^t 

Fetal liver ^L-JiuU^OJ/uil^ . hmU^uj^&Ji* t r.'i yiujujn 

Hematopoietic stem cell (fetal liver HSC) 

LMiJI (jt l^nAl (jlS i UfruJ La ^yS 4-*4>a CjI^M^I tilloA (jl IjJL^J tfUajJI Jn Jk 

Human (l .J .-a) jt !>La ol l ^ jJ^Vl L^jjlJ j^LJI cry^-U 4jj Sl\ a t ci\ >ll 

«Ja^5 (ij— ^ (^all (j^a I «Uj Jit II p^Uij I p*i]i leukocyte antigens (HLAs) 

4_ul^>JI L>UJI (jj Jj ^Ua*JI ^i ^ f jU 4 «i,nll dj^JUl 4_uc j^JI L}LiJ1 

t^l (jjJ (jja j^j ^^aj^J.1 ^in-w ^ 1 fl"i r 1j3 JLic (^£-Llil JaiLll 4 jin r jlJa ^LjJLi 
Oryw j^LJl jrU^J! ^ ^JLiJ ililll 4jJL^J! 4^1^! L>UJI (jl 4_jk j) .Ci^SLiyl 

^ Ujj ,/i a ,pJI .* all HJ^l\ 4JJLJI 4_^ Ju>Jl L)>UJI l dJ U.- ^pj! ^ ^JS^ 
(jru^JI (> ^ all a'JAiU 4jj-i£JI 4_aiJu>JI L^UJI a\ Jj-^> I^»-tj ^ >*J -f^' 
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^°J^' JJ^^^^° 



Fetal CNS Stem Cells &wc&^*&*±?^i^**$^y£J*-* 

/-foil t 4-j >j-j i <a r 4_jJjI l^M-^>> ^ La jlj j txJdLjjl (J/ujkJI "k-A ,-3 *j ^ J Jljkoj 

L>LkJl 0' Ui . j^l^jJI 4LLa LMJJI^ Ll 4 t jJI LMJJI J-q-ijj «2LJujJI 

«4 4 mm V~iU L>L>JI *LUcl (_;!£. L^j!jJ3 JULaj 4JlILJI 4 n mill 4_j£,JLj>J1 

Fetal mesenchymal ^L-Ji tje^ 1 *>* *->«^nAH "4(r,'i y i bM^tH - ? 

stem cells (fetal MSC) 

L>>UJ1 ^ ' M — 1^1 US.^jJI LMiJIj SLA^ mill L>UJ1 IjSj *2LJjVl 

.iJUl AJiajJI ^^ij ^ 5-i^v^LI 4_iA5tUI 4u£.JL»JI b>L>Jl £yQ J*±&j 

* Lrt-UI 4\l<iU 0- 4 JS CT^ Lf^^-^l {J-* 4_Cj) d>4 0' * ^ ' A ^H"* ' ' ? J U-4J 
^1 *_$UJI ij>\ \-*\\ 4 j o -»-lll 4_j_c JLjJI b^L>iJl Jjj->iJ 0-* Ij-i^Lftj SjjJal i imj 

ji ^ _ (>Sl-JLw ^o ..."> S^UL LM-iJI Ij-i^j^ oy- *4 jKj^ oX mr LMJ^ 
--*N -^ * n (jolj^^af t-M-judI ^4^- 5jjl-5_^ 1 fl j is Ijji -w^ L ^ ^ iGalectin - 1 

. (Ar) Muscular dystrophies ^l.^tTI JUI Ji* ^^UJVI 

* 4 " j - 1 - £ ? 3>^ < f ll"^ i4Jl!LjJI 4_py^tiJI 4_l£.Jlj>JI b>U>Jl q\ aLj ijM-3 

<HLA II^Jl ^a Ijl>. >L_J^_3 HLA Ig^iJI ^ ^' 4_L^ J> L* cjIm ?j">I 

<y9 1 ^"^Ua jJaLJI urj-**JI t>* 4 >qj*-U1 4^^ j >JI L>L>JI jLSa i^iajjJLI j m-fc. 
jj_fl HLA II ^ r : v.SH ,M.h<i1 V (^^ .5jjjL-c J^Ij-cj c^LU! ^Ijl^JI 
OjSu dU jj ^ J L^j? JjVl ^>JI AVt4\ V L^l JLSj U^ '^j^\ tj^^.J 
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ijJsLJI jrJ-iatU <-L4^Ul 4o£.JL>Ji L>UJI <jj o>J>i) ury^LJI Jj^w U^o ^^UJI 

^Lu (pjl Ciln T r,'.Vl JSLi ^LJLy Jjuu o? cr 1 ^ b-^ L£L>J L*^U* .'HVi 

4jLaf 4 j^N C L»^L>> {jjfc-i I4L1 gfcj L«-« i4_Laj^>Jll v-Sjj-kill Laj-La ^L^L>. x-Lu^l 

^ Vj LhcLLs Jail }Ua t ^JUai ^^ll Va gJUJU I...I jUTt Ul ^ V; V 



jJJU La AJajJUfl (J5^>- (j^» jaLljJI L-^jJ^oj 4-i_ulj J ^-A Jj J I 4 LAjIj-uiI 4j3jj^»J 
t-^Lc jJfc jjLUIj «4 rti"i ->JU joLiUI (J^w'jJL I n jlrt CjIj j il jjja L^jLu-jw Jl 

iiJUi 4_i£.ju>jl LjMJJi L^ ji iifcluij (jt ^SLw JUI ^Ij^Vl J£ Lj>5jj 

: L^-Laj L*>^ 0j J ^^ Ct^ Sjjlill 

In utero transplantation <**>jJt J^t^^^-L^^iU # 

t4_fl( f^^J t^-^ Jlj 1 * J-^J LT* '?*N «-Jj "3J er-^ L>^b — ** ^ (J-* »*J"* *^ ^iJLlA 

J*Utl jL. .U Va .j.. A jQj jU-L 2^1^ t 5jl~ m j^UH^i jl LuLlj^j^ 1 ^M/* 4_Jj«AJ 

ajuji jV .sjV^j! juu ji jalji jitii jc*: v l^i l^ jlajI f Vi jl jiij 

Lj^LjJI JLi-^lj itiUii JL_tj r-M—±JI 4jj t ir> (*j {yA$ 1 Ij— uiVl jll (o21 a "1" <^>-m 
(jja tjin -wt 03^* LT^b^' t-lajjl *j — -^" 1 ^>-jJI J>-b ^1 j H dru-atU 4 j r j »J| 

Sjjiflil aLo? (joijalJUl j-uJtj u_dj*u juSbJL jiJI 44J1JLJI 4-i£. Ju>JI 4-tL>JI j»ljLJtl**l 

Lbt^jl L^ JJSUI jrU^l] 2u^^>JI oulitU jilj^JI £*L>JI Uj ^^! cr^' ^W' 
4ilfl (SjV^JI Jj^ jrU^Jl «.m irT) jUI U»JJm3j ^Ij-aVl l^Mj^I jlj Ijiuj .4-JIa 
j^LJI jryJtlJ 4_l£. JL>J| LMiJl pl^jl ^ fftj J£U 4-^aL>Jl lZjIJ j all 4ij^ja c-O^ 

jfi^t jA ^jlU 411HI 4JJLJI o^o^JI L>UJI 0?^ oLi V Uoj . c> ^>11 jji»JJ 



aiC^i 



>oj^l J^^^J^- 



rkJall 



ajJJ 4ULUI ^jf JuJI 4jJJ»J1 *l t^.",.,l cjVjLpe-4 J^ Lu^djj i^uJLc ^j*l ...*i1 3jjl9j 

4 K hi II ^ Jub ^jic < ^ It'll {Jj->« J^J * 4JU 4-^H^J ** j** *^- j-jx. (_p^>- J I 4jr j **. 4-aj£- 

VI t J^kJI ^ JjVl jJill ^ >bj jry*l] i^JLai ^o^JI L5UJI *LL*iLj L,.„i 

^ 1^*1... Vtl 4jjjjl3e-a *_* u^l>JI ^ ^JlU 4_lAlll 4a£ JL>JI c>-L>JI LM->. 4J^ q\ 

- j*jlU 4I4IULI 4aJLJI 4j^ jl>JI- LMkJI J*£. o^i^ 'Ja^JI (ja oIjljL iLxjJLI *jla 
^ 4_iJLJ1 4^*111 4_lcju>JI L>UJI l^jj jr^ ^LJj ,>. L> ^*]| JL .2L>jmi 

mm 

JanJ 4iS-*ii_4 jj^t L_)>gj L^lU->. *4_jilLLa ^j^> il ts\ -»\ J. j ^T» Lgj| ljJL>.^ ' Q '^J "^ f^J 
4 if ,'t^.ll Li}L>Jl «^a LAj-Cjj awti Ijj IJ^jkJI jjjt &[£ j^C <^5 ^ iL^J (>^>JI 
(j) J^Jj L4-* i'U»Al" aJj t'.l .a L^ji ljJ~!wj ijj^ ^o ' " " ^ A j (jy^lj ajIJ 4jjji11I 4jlIu]I 
>ljJtli^! aLLa^C ^jjQ J - u 3fcj 4_t_flLJIj 4JL1LJI I fl j ^j La 4 j a fcM\ 4jf ,'l-sll LM->Jl 

^1 Lit " -I ^ juV jLi IjJ - (Ar) ^jJI Ji-lj j>UJI ^ ^jlU 4-ULiil L>UJI 
U^ JLtUll 4l<:ji.. a L^lo ^a^; V ^Jl j^UI jry*ii 5,^^111 4^ijl^JI Lj>UJI 

4 jf ,'\ -*.tl L^LiJl jl ljJL->-J i (*^J-^' c?^ 9 >*i pJutli jrU->- ^ ^^^jj Urt-a-fl tlinlr 
ljj_xj ^jl^ tjjj 4-fltj-ujVlj frLua£.VI j <a j ^Jl ^ 5jj->.j->o J^LJI ^i^ll 4-l^jcU I 
^ LAJU^ Jj1\ ^U»Vl ^1] jM^JI ^jj^J j-L>J jlSJ.1 j^lfi JjU La >AJ .M.^ 
Ju,V M.H (^LUI JJ-*JLi <t ..»" 4JU>. LlJLiAj )4^sf ^jjaj ^ Jlj La jjfcj jrtJL>Jl 

X-linked severe combined immunodeficiency L y£\ w -->^^ u : ; .^ik .U.-^tl 

^yi 4 jf \ y]\ , I i^ll L^L>- a! I V" .nil t^a-j-jJI fjrJa (^-Aj L^-^^Lc w so JLfl 

Gene Therapy CLLj^jb^^jJt^* 

lj "n f T rO-^Ji LaL3 Ij-^jJ( c_il m ^ILj r-5^-J>Jl JLb_« ^^ ^jj I g t j ^j^ (J-^ 

tjjjLtj 1>)L£ t la (4^cJu>JI 4-iLkJLi ^ i - - j ^jJI c^Lil^VLi ^L^oJI ^ 

(jl udJj * CJ L j^_j_aJ I j-A (jLS 4Jij <aJLJe_j mJ lj-»L£> ^JJI ^LcjJIj 
4li*jG (jr ^ tJJL^ >lj Vi ml e\j->- <jJ* J^l mi a jjjt tliJLjaj Jl2 La Jj 



u 



LM_>JI »_>a ttijjLSfcU L^LJl < < aoj i>L>. ^^-J ^(^iaj^-ll i — > ^j i *^~:^j: 



l£>-$\ 



2^jl\ jj^> ^XX* 



^j-^ J \ & mi n i 4 n i l^ T I ^j- 4 f ± * ">J L^ « 1 ^ < j i rt » I mini 4 ^ ^_i_u j-a V I (j jS^ 

US t mi "^ 11 JL_iJb jj-t^D OjJLv ^.H 5 ^^^ ^J 4 1 fl mi rt i 4 i It Ls j 4 tn n> pj-w< 

,,l hi >JI Ji-JG (^1 LjM-jJI dlXj <ln 5 la hnrti ^^jbJ ^>£LJ «LjM^J1 J^a Lty 

£)-4-jJbu 1 JU^ i (jr liJj ^M-uJaJj^ j-4.1i.nJJ ^. 4-T< m**» ^jl Lflolc L-iJfcJJ i(j-\J>JLj 4l4Jfc4 

4 jf JL^Jl Suljjl CiCjj \ "'+ IjJ . JLotj>Jl ^ jIj^^-1-ojLj xJLlII lTJ^JI J >^J 
il^J j -^^ V i-Al< .*. a ^J oLv J3j i^rLOiullS Cj1_Lj->JLj r-^LaJl (J7 !L>-Lj aLaI 
4Jjj1s ^_uo< a^J CjjJsjj i6ju-£ oij_a£ a "i 4 1 1 JUll ljufe ^^3 tSar JL C»J-fll| 

4^cjl^JI L>UJI y3 *>iio?j ^JUll u^>JI Ijjl^T o^ij .ij /,< Vl^tj 
IL^hII L}UJ1 IjjUt ^ jj.'i^U <ys liUij .4^^ un-L>JI ^ ^ jlU a'iAUl 

(jis 3j— alo £jju>J Jl£ oj£j Lcjj !ij i^JLull (jry>N <J*^>- m£JJI ( jujj^ j all ^^JJ 
^a 4_i£.Ju>JI I a j<\>JLl 4 jl^ C^JlS I JJ ,jj t> <ll ^jm>H (^ o^j-^' °l-*±* 

UjjJ Liajuc US l^lV Ldljj *jiUI urO^JLJ ^jOJ ilAUl 4_^. t ju ? Jl L>UJl 

<J^>J1 Jj-^ (^ 4-jJI^. ^1 X t -tl\j i4j_U>ljjftj ^1 >.. S'iVI ^lc lju>. 4_jJU 3jjJ 
< U 1 nj (^ a! «r < n'lVlj jlj n "1 MtVI Lr l£- L^jjJL^ Uiaulj * L$j! m »» ^j-Li ^JUIr 
4_j ^yiil grjuuM Lj^U ^t*it j^Jj jjL^jJl ^yic- t^JjJLOAj 1 1 ^ mi 4x.j^_lli b^liJl 
(jyic JLjJL>JI ?t jinill i^& j\j a't ittZ\ Jlaj L^jjJuLs /o-i i4"i4 > 4jtj h x>. ^1^-J CaCjJj 
^jS 4J 1 uajl '*? j ...Ml JS ^yj] «JUll ^jr\->Jl j -' ■ /QJ (j^J J J ,i: ' " 1 J JJL-4-jJ? 

^pljjJl I^t- flU^j J 4 » j V 4JLI m a UiLLa L^jI ^ 1 11 m tj\ «-4 U"< 1 n 1 V udl jj IjJ) 

*-** j ; 1 ^ ->>)Lc. jh"iill S j j U->f!i 4__xjIjjJI ^^Ij^oVl <j-4 ij, 1 t \\ uJlxAj 

:UL a LiUrt, 



^•^1 



>oj}M j^^^J^- 



kajrkilidl 



.Mucopolysaccharidoses oL^SLoJI jujl^, lLUJLI _ 

.Cerebral gangliosidosis <J7 **X\ Jjj^UJI <<£\j2 _ 

. Leucodystrophies j^AJ eL^JI mA*l\ JSu _ 

.Osteogenesis imperfecta ^ihtll 4-iLl* ^Ij^i - 

.Muscular dystrophy ^lintll JL>JI _ 

LM>JI LuDjj-a^j («JaUI (jrU^JI t>a 4_^ Ju>Jl <LaL>JI (j) LLv IjU lj<frj 

.< A0 ) 3^kiJ1 aJlj^II ^I^Vl 
Non - invasive prenatal SjV^JI JJa ^Lu^VI j-±i. u nj V iliJI <ya _ 
L}L^ u >>t t ) Jn Vm jjt J^jLjtj J^j>JI *Lul j^Ja <ul 4j v j •* * M j (diagnosis 

4j^<M> u^Lj>. J5>»J aJuL j-A 4_lS>JJ1 4Joj^laJt a.t A> aLs? JUj>.jJi ^ulIIj Ja^-jJI 



4ir *U>J1 3J ^tl L^A 4 ^Vl |»J ^ jj"- >.LJI LfcjL^j <^UI 4_t_aLJI 4-xi^l^Jl 

2L* jl^JI L}UJ1 o« J^ ' M SC 4^ jl^JI UjSj>JLI 4J±^ HSC ^jll 4LULLI 

L^_i ulJl in rtVi ^ 1 j ^ - a3 (j-AJ i(J^— >JI tj^o Jj jM <"il"i!1 ^yJS 4j *j ■»-" (j-^J 







^•^1 



>oj^l J^^^J^- 



4&^i*U^& ^ <y**fcW& 



* * 
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If 4MlUl «J« iJftJf 

Embryonic 4 j m)>11 5 ^LUj uJ\ 4 A^W 
4 j c j >. L!vl i. ^,-jk Carcinoma Cell 

4 **- y. tVi ^ja £jaSu ',**'_■ j a* ^j3 Cy* '"' **° "^*" " ' ' 

iIi^jl^JI jjU jjfc^ .Teratocarcinomas ^ 4 «.mj 

Lj}L>J1 <j^o JLjJujlII 4_ilfi ^3 l^hh ^W (*J>*' 

L^J jjSUj c ^Ja .Pluripotency cjljjuiil 3jJaij 

^1 1 h i ^J i LM^ £j>il f-±^- > ^1 >jL<Oj o' 
4 j 1 J 1 *»J 1 4-xjjj3jjsJI cJ^CtJl CjULjjJI {_yfi> \ Mill 

4 j J*3 I ^ "A t •*- fJJ-M Lj^Lj>- (^-3 CjJL_>.j c^J' 
tajJ£ ^Ljuil ^ya jLiU 4^L>JI k±c JL>JI 4aLkII 

Hjlloj I ill! ^J^l 4 MM -*\\ J 1J M^jJI J^oVl ^Jfcj 

SL1« a . (cr) >.-» i;...^ 6^j— JJ ^LiA 6^ ul 






^•^1 



^J'l JJ^^^^° 



f 



ail 



<j-a . /qJju Lj_£ _ Iflj^ 1 i 1 '^^ eH"^ t^xLxL»JI 4-o£. JL»J1 L^ sell ' "»^* uA^ 

jlJs ^ t m> l ji _ jLiU 4_l1lL>ji a ^^\ r ii i_i_L>jij s .',tu^ ... w 4_j^ji 

ti^L? (j]j S A ^} Teratomas ^J1 £u >u La ^ j "l< qIjs . 4^-c Lua c^i * ^' 

_ . U^'a 4_jJji ^ J 'J ; * *** Lj^«L>. ^Ji CjJ^Lsu TERA2 *u-ulj cJ&jjlj 4jj-ila u^L>» 

4__uj_j_i*a_c Lj^L>- tcj—loj (^yjil - Retinoic dJLujJLjJi ^^i -»-t < : - 1 *>» j c tj\^- 

L^L^>J1 p'jjl tj-A JLjJulJI ^l jj\ o "*i 1 fll * >. 4 - - aJ (jia-o—aJJ 4-j^_*i_jJI 

Lft^JLi Laej-Ldu I ^yS i(j\ ni'iVI jj-fl 1 ^ * J 1 4 j C JL* II (,£>>-V!j 4_u_lL>J1 4_jjLL3j_ijJI 

4_jjLL 3 j toJJ j| L^»L>JI a^Ij -w j^ Lj-^jJ Lb^L1j>.I o^j ^ji VI ^ ■- aJ ^j^* ~»U 
^j 3-jL*^! lt^ SjjlSXI uj J tin *tj" c v-* 41 -^ ^-»^J^>- cr^ ^ jj? "^ ^ n u.5^ ^jJi 

4 tC*\ **]\ 4_il>J1j 4_iliL>JI 4_xi3jjj_^JI 4_iliJI £>£. ^LiJlitj dllju Lo^JI JL-u 

JLa ULa: (OCT-4 ) 1 _ c^jf j^JJI J^U jiu 5 : ; : : r tl ^LId^JI L>UJI 

^jja jljo"miLi ^n i n n "> 4j1>J! ^j! ^^i^. ^^>-J JjJ ^JJI tSj'ni^U 4j-C.JL>Jl L^LkJI 

lij-lt L^ 4J LiJI <ya a.nl^ll ^Uo^l L>UJI ^lo15 L^jf . (AV) CjIjjlUI Sjjsj 
Pera, M.F. ^ l^-u ^^43 ia,> nl-Vjj^Vl jL^V! ^^ ,4jn' 1? ,11 4_^^>J! 

j j n *w 1 i-^a-j 1 ^latl *4j^Lj 4 n uy 4^jLLaj^u u^L>> (j^i^> J| J < n ">< 1 1 ^a ^^ujj 
1 <j i^J t4 ji_i'f>Jl 4_uajjj,^>JI kli^LHI CjLLilaJl LfcjJu-a^J ^^1 4-^a uaJfclll Ij^LtJI 

.^i j.L.i u*t i^> jjlc- cj! j j>ju3 LJLc L^jl JL^jj • jjlaJI p^^-- j-^c (_pljj ^Uo cjI j 
juc _ jJjj <jl ■ j ^u i -■" tiijt w U aj t ( i^iSjJlJI ^^ Ji^Ji Jjq->«j L4J1 4-ij-S^>Ji t jSL! 



^•^1 



>oj^l j^^J^ 



ft r j'i 1ft LU£ ijD°L±c.±s> UU5 

LgJ ujJL>- ^ t j m 1 1 (j-a 4 t U^ ^jl jj tillj ^^ic jj^ . 4 \~i je a 4 "j <i j tnj ^-^ J" > fl 



jUJI ^ 4jm^II SL^jl^JI L^UJij jLiJI ^ 4jMJ7.ll ^Ua^cJI L>UJI ja 

{jJ* CjL<-»AJ 4jj_Mi_jJI 4_jJUjL>JI 4_oLL>^_i_iJl Lj^M-^J' (j^S3 i'ii'm ml' (_y^J 

}Ltf o>^ /^ a : : : : r n ^uLkj—uJI L}UJ1 J\ j^ ^ .i^Vl 3j,. * 

LaS t^jjajuu M '^V 4-ajuajLo <4_l^1jJl4 *0>j l*i"i o u^L>. ^j- 4 «■— " nilnjl 3 bJ g 

. fljjl 1**' A J^ Ll^L»» (J-** Lga£ L«U i4_L>- V! 4 flj J ■"■ a| in*W j! (j^J 1 U3jl L^Ji 

d&xa jQ (jJiLc 4JbLu3U a ki Tin J 4jj mi mi 4_jJuJL3»J1 4_i_iLLa^ m 11 U^L_>Jtj 

L>L>JI JiLo LiiJj ^ mLa * Leukemia inhibitory factor (LIF) L^*_i£^lJI 

,-£ J-AjU CiJjJ JjJ V->\ ^ *"'" (jl I— ^J ^jS-4J (JjJI '4_ij. i» jII ^ j 'J'7" 4— LX.J 7-" 

. ^ ^ 4jjaL> 1 >**« ^ ' ; **' j u ti\I 
4-^JL>Jl LMjkilj 4_uxL>JI <L^i\la J -uA\ L^LiJI ^ CjI j;1 ■'■■"• ~ LiJLiA ^jl 

U^ . <jSJ . L^j? U^Ioj S^J^JI ol^M^VI ^ jujuJI ^JLu <j\£ ob *4jnl>tl 



Embryonic Germ Cell rtiniflH 4*#£djAJt UftJI 

iPluripOtent SjJuiJI SjJsj 4j i^U ^IjjJI 1 ^ y alj^j ^ tillloj L>L^ ^j 
CjLSjjijJI ^ 1 inn {J ^tl\ (Ljjj-oj JLwi_>J! Lj^L>. >j<i> fLLa£.J ^^-l^- L^JjJLfl ^1 
4-Sjj^J1 _ AjjjpS^VI jt 4j^.jUJI 4_l1i_L>JI 4-fljj^l) 4^1l1>J1 ^^j^JI tlj>liJI 
I jj i(ajjJjJljV1 jt 2uLx1jlII 4 j m i y 1 1 4-1jjjJI . ajjjj^_ill jt (^Jo^yl 4 jm'(>M 
^», ^4 <JJJlLqj 4jI>. 4jJIj (jr^J '(j^ 3 ^- ^J^ u*J 4jJ_l1>.j aLc ^jSLluj 4 \r L>- '"-^ - ■■ JLaft 



^•^1 



>oj^l j^^^J^- 



4-iLkJij Embryonic stem cell Smi^H 4_lcjlj>J! sm-lu ^ J£ jl*j 4 * mil 
4_t£.ju>JI 4_iiiJI c^L^^jlj * Embryonal carcinoma cell <^LiiaJI ^liaj^JI 

(jLii iA^^JI jJ^>- (j^ (jjljJu VI jjo^ T4_Ljajj^/l 4j-ujSJ| J ^ j^ll jj-c jj *■**» 4jJj_L>J| 
f^jj-uVI ^^ Ojfi*i ^j] <J*-^i9 i(j-uljJijVI JUlj 4j-a (jl mi"i 4 j tj i -h 1 1 4j^9jjj*>J! 4jL>JI 
4_j_<i jj j-j»J 1 Lj^L>J1 jJuua-jQJ w # - . J Ju 4 i?ij»< 4_LaJ <j_a LjJLcj i^j^LjJI 

* jrjJL>Jl ^ primordial germ cells 4_JjVl 5 : *jy r n L»>L^I >* 4_ii^L>J1 

jjl 4j>-jJ i_J| 4Li4 ,-jfej ' ^ 1 ■■ d 'J j* > a **" " * (j* tJQ I L^j ' ka aj **■ j u>L^ <_jk ^^ 'J* . 

■ ^ * a 4_iLk. * «Jljj Ijl>. jiLJLl cni>JI ^ Ltf>-SO£. 



4jjojjjaJI Lj}L>JI (^yk. J-^^ ^ Jjt jjb John D. Gearhart ojLa^. <j^x 

c.^ j ...VI j L ^ 11J aL>JI P-j j ■■■ >l (>U La LfljjLa-cJ ^Jj -*■; 4_i».t ^ ■*• ud! ^ 4_lIjVI 
J'^> 3* *— uLuJ 4_i ^L) J ft *j t"i ->iU ^3 4_i^>L>- '"'I j jlJj — ^ ^^B LlUjj («-<jjLjJI 
1 )LiJJ 4j_aaj>^J!« 4_lLlL>JI 4_i£, j -stl L»^L>JL ^ a ■ 1 -■ L»M_>. , _lc 0)L*>j_». 
4JL>- jl ^ j j j "■ al '■■ >-Vb * ^j- *j 1 a <jjpJ *^y >JI ^ J A jj^a j j * us <^3-^ 

jl tjr-t.n ViH 4_ua2lJ 4j*li. cjIj a t "1 mi a ^^k. ^ "i go Embryoid bodies 

4_Jj1 L^U^ ^ ^ Jl '^ W^! J^ jl L>LiJ1 Jo^_Lai^ ^ JUJL-*U >-jl 4 "II 

jnmVri ^SJ SjLiVI Jo.5-3 jtx"" Progenitor or precursor cells 4Uj.„j 
5jj^ JlSJj Lq^ ( ij>UJI 5 : : : : r tl 4-pj^^l ,-.ls ; Utl ^ f An ^| L>UJI 

^ *4_ijyVI ^^j^JI L>UkJI &a 4 n"t JJLI 4jm;^JI a^^^ij^l Lj^UkJI 

4_u_lL>JI 4_ixaj >j>JI L)Mi>JI ajJt /jl JUj .Lu>2j 5 ^. , ,,'tVl L)^L>. * t ^v-^ ^Ua£.1 

oiS_>. uy* Teratocarcinomas 4-xiLLj^o ^Ijjt ^Ijl^J ^^ SjjLa ^j^j ^J 
L>L^JI £* Ldl± ( d b ~- ^aj .L^UI SusjLai JUt 4 jJLJI jLiJI ^ 

«_«a jiuJ 4jIj CiJjJl j^yi I g l£> I J {jl *^j "■" £T^-*->! * J Laj ■ yj ^_ =y 3_J I 4_x_Luj*JI 4a£. Jl>JI 

. jLiJI ^ o^>-— H ^Ijl^I >jU- ...-, V (^U! t 4^JLJI a^cJL^JI U^UJI 

-Jj 4--u_lL>JI 4_o_« jj^_j>J I L^LkJl 4j&Lua A ^^-B ^J- j ^ tfjufc ^jLfl k t j M-HLj 



i—LJUJ. 



l£>-$\ 



2^jl\ jj^> ^XX* 






^1 L^Ul^Ux *VVI a i:."* <*L^Vl J^b ^1^>JI 4_wjj^>JI L>UJI 
Ij^Laj .Sjiimtl LM^JLi 4^im, LjM^- <-«Ur S Retinoic acid liL^-ujJI a a«*»M 

jj i4 jfll ,,.rt'>l 4jll* J^l L^jLi 4-xLi^>Jl 4-jja^jj.^Jl 4jl^Tl LoliL»>UJl jj-o Ijali. 



♦ 



*Lcj 4_tL>JI aj ; -"' ■ " Lai> , 4-j^.^Lc jf «JUJL>uj 4_>.^Lt^J J^j ^JJI g j <n<tl 

Preimplantation ^>JI ^ cry^l £jj J^ Lpb^ 1 u^>j V *■ "<^ u n >»" 

^ jf 4_a3j_UI ^ 5j._>.Ij a a^ jj^p cix> igenetic diagnosis- PGD 

4JL>. (_^J • (jJ^J VI jjji JL^t (jJS j^lnl ^«Jj 4_mj) i p. V a ^1 3jo^>-^ja j^j JL^ ^^1 
/ya 4 4 j ' ' " ' I 4 V m-l! Lj (Jda-seJ 4 j-Ll1>J I 4j_a^3jj>J I 4 ^l^J I (j LB * Lo ^yoj^a ^3^3 
Lijfrl^l\ Lj^L>. (j^o Sj^.1^ ^-j L^aj l-3^-j-oJ t^jry^Jl (Ji*!.} 4_jiiJl (Ji-JU^ (jry>JI 
4JL>-jl -iij-tl U^>I' (j-^« 4 oji mil 4 V < ii <fl j i*ii nj «4 o inrtill Lj5L>JI u ^ i « n nj 



i^C-^i 



^°j^' jj^^^^° 



r^jiji 



*«LaJLtJL>J1 4_j_aojj^>J1 4_jJj*JI aj jfc_j uti Ltiaul : JUJu>» *1 aj jLlj_>J ^_S _ 

^"'jf ' ■' > '" he. i I J 4j»jtLn£iJ 4_L*£. iJ^j-i-I i-u v *^ ' a ■^■"'^ a ^-Ij-i jl j"A» a 

Genetic <_pljjJI u-*j^>JI ji j-*J-JLi _ u \t ■>!! ^j i mil ^J^. _ u-^jlj 4 n $ a 

juilaJLj t _ T -Aj i*_*jji I J-A 4J t fc ij tj 1 u >. * „l ->.jj LjjjJajj .aVI 4 ^- 1 ■■' Jn »" 
. Lfc^_j_Cj j) a ill 4 A f ^j£. (Jjj mil L^La <Cil m 71II tj-a JJLkJI 4JjI^ 4_Cj_4-?e_« 

4_lj4jjjl>JI 4_jL>JI r I '"**' j --^' LjiLJi«JI jj£» ^yS 3jj-j>-j_a 4I^oLl^J( CjL1j->JI £JlAj 
^Jj_i jj, **< b Jul I (Jjuja * i jiaJu_jJI (jLd IjJ •*— ajJI ljub L $j-a ^k L jt> '^ >■ *4_jJ_iJL>Jl 

^UJl ^..-^ ,^am,.,l ^ a ,*:■-. , ,. * ^jj ^ylx-JI 4-SjjJsj Niels Geijsen j>---r.:r 
j^vj I»jlc jro tjjl^jjj Surani, M.A. ^Ijjjjj i4j£Lj^aVI 5 >-*"U <-_»LVaJL> 

L>UJI o>^j - ^UJI f\ .»s'.l oLiU£. r: txr,t J^U j! jl^U SujUJI LMiJI 

jj! j-lj 1 J-^l^ v^'j UJ-^ d ' " cr^i w^-^J^ *^Ui Up 9 t^uojJI jJLaj AjjLLsj-uJI 

4_^3Jj-J>JI U^L^JI L^J j J T "■** ^^yJ-Jl iX-4jJI A-La ^* -iLq tJ ^jJL-J-i-LaJI jl mil f Q ^J 

^jJaJU ^J3 ^yjljjJI jLajJI L^-iJa L_ka_aJu (jy^II 4_i_^_j£jl 4_uljJ «j ^yaj i4_jij-L>Jl 

«-ajJI 4 j ir>L>. 4-tLj-c. Luajl , v j h> :5L3e_4j^JI SjLcj ^ xLa c 4_i-uljj ^^ _ 
L^j jL*j ^^jJI 4 j a j^ 1 1 4-i.uljJ ^^JS 4_jJj-L>JI 4_xja^j^_>JI 4_j_L>JI j^JS ^IjjJI 

ju£. ^L ,.;"., .VI oLUc <y9 Jmu>J ^1 Reprogramming ^a^aj^JI 4jlar 

t _ 7 oJI iL^jljj jjja 4_c^JLs d '^JJ,' ^jN Jjlu - m ^jjl 4JJu 4jJ i u y 4j±>. 3ljj JJa_s 

* ^ aj (jl i J-jJLjII fjjt jujulJI ^^Ij ^Vl cjLj-jw i ^ ^" ^jf I 3 j a c_ it ^-j 

jjl oil I jl* -^"j Lr^J^^ 4-j-oJj>JI jJ^-ljJLI (jjl J^-»J (J? *4-^jIj J-qju c_il ij ^Tl 

^^jJj-j-JI Gorge Daley (^JIj rj>^ j^^^l J>^ Lq-Sj .jm^V ""> j 



2L<-,Vl 



>oj^l J^^J^ 



txsilA U15 o* *±**? ^^ 



Lgjjd ^^Jl * ...^tl ^^ SjLjp-jJi t4-U^L>JI i-Ljs^j^Jl L}L>JI Jt yj _ <U£. 

Jdjl^J (pJI aijL^JI ol^xJLUI *Lui ija Ijui jiiLo ^1 jjj &* t Pluripotent 

A A-** r"L_j_ij (jjQ I i ^ o "i ? iLl»lJ_j_>JI dJLA jjJa jj^ft i-jajJI c^-*J' < <ij £ 1 'to lr 

£jJl>» L*S iA 2 * in mi ii U CjLJ|^_lj>JI (jjS jji*V Mill j_A JjJUlII jj^Iq ^3 \ iii u (j^o>J 

. JaaII <ya a_i^3ua_ij c£>^ ulw* 1 l^! ^ J ' i ' ?^ ^HVH^^ 4_iL>Ji JiF^ U^-*! 

^lU'n.l 4^1 SuSL^Vl Lulnl.MM 4j.aLtej Hans Scholer jJaSL» j^U a£i 

a^Lg-C jjl Jljj ijl-iJ 4_ji-j-L>JI 4_j£,JL>Ji L^L>J1 ^j-a 4 i^j^jJI ^^^lf. J • * **•* jt 
(0-i£ l/n^j K. Eggan (jUu! u^nj< jilia ,V n*^ IjJ -J^J ^J j-a-jJtj Lfrii in^| 

oJ^_^sj 4_La (^jlII i'ij n miU ^1 S^a-jJI ^Js jjLSsjLa ol aL ?ej Kitai Kim 
(jjJI (Embryoid bodies iL^Vl 5 ^j;— - 1 .—^Wl ^j aj_aVl 4-u^L>Jl Lj>UJI 
^ j jj ■- a! i.i-w^I ^Lij SjjJs ajLUb LaLflj iL^LiJI f !>>t £±*y W^'- 1 ti^-* 1 ^ 

^ LaJj-c tj£Lae a^j aj...-1-w L5U ^j aujiyi a^jij^Ji l>uji Jj^j 

Jpj' i ■■ (J/uj^ m^ I 1 4 a j' ' ■■ 4-Lx^jfcja 

ujlj^-Vl a_5jju« j^a I j i^ 4 **( i ii 4-jiji>Ji 4_j_A^j j-skJ I Lj^L>J1 ^ufljJLiQ <4jnii^TI 

aJu^i l-j! j i nl 4-Bj a oj i4_j_ol^J1 i . a j j * 1 1 j j fl La ^1 l^jJj ^1 >■ tl ^_y^ 4 ji>Ji 

. JUu La ^_yB Jij-All ^^3 j j^*" Lr^' " ^ i <a J 1 - 4jj-m£l3kjI 
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a .^v->IIa .ia.ii 



JL3 ^^Ujj 5j j^ Mill <bm ill 7- Lu±ZLi_u i *1jJ <j-<a 4_oJLjJa_>J I SjuLaJl JaJ 

l^njjJaj Anna Katerina Lj^jjLS Ul <i^LJI OjiLSa 1 1\< & . L^j jL*. 
sb-i ^A-^-^j ?*^J frl t UVI 4 jKj (j^UjJIj 4jIjjJI p i - Sj ^"< *»■ ill 



(^Aj .^^ 4_j_Li_L>JI 4_t£.Ju>Jl Lj>LkJLj ^rLpJI 4_4^sjjVl 5 ... XT! ii^xj 

^jj i i I m "»JLj 4_j1>. <j-1^ I tj-C lt<j3fc 1J Lgjl JL^J SjujL^W ^^JJjJ ^tLH ^ ^* 

4JLjj-Lsj . 4 j < j i "* 1 1 ** j C J s»JI ^C '"■ sc p 4uj Je—J I a J A (jr ^ L>j_ljL5> Lj| 

f* j r ,rt II jl JlL>J| Lj^M V S 4 -tJL> 4-j \ < n -k 4_lL>. £p» ^'J-^- 1 eH-*^J L^jI^j 
Jlj La 4_iiaja_jJI pj^LaJLi-^ <jf Ujj .lH»J>^ J? fH^" OL?-^ <>* 'M^ 
MgjjU"ill 5*_jjLjJI J^alj-C _ !jL*_^a _ (J-Ax! J I 4 jiu^ J-^ (J-^'j-^ (J fl ^ J 

^T* b.' ' . ' J T""' '"-! ' *J ' " ^ "* "** ^"'M 4JlJLjJI 4j j ■ " >J1 3ljJLJt (jLb t4j£ 

(j^>ii "i mj 4 1 tt fl^j jl t" a t I JL_>. Sj S 1 1, I 4 1 a a La 1 I ^ < t i J^alj_*J j J ^ 1 1 1 
jJL_j_j (J-JS JLLjo CjjL^ (_p-JI L^jJL-5j (jj» 4-j 4_Lal£UI 4_j_ljij»Jl CjLlj_>J1 
("i <ii jl i f. LLzmm^lJ I j jJctJ I 4_xL>JI j i i*rCs ij ** i nlLS 4 jl <i r (_y^J t4jJLaj_i-u 
« ^ ua u<a ^■"' ^ j-±-£* J 5^j ^ ^" ^ ^v ^ J<a S B '■"■ ■ "^'^ * 4-^ ' *^ ** A 5>j i *^ ■ La ^ ^ 
4_xIjJ— >> v_j i*£u - p ^ H j-A IjlAj _ jJj iCjIjJ SJi 3j— 3ij >-La a J9 Cl±h— uj 

Jj-*-aj>JI *jU-:...'. ^j] t Totipotent LJL^j i : ^ oIjjlSJI 4JLal^ 2l±c Juw 

Jj }LaL£ 1mJ-k Ujup V LlA U^.uLS' Lil Jl JLu . J^l^ cjrj-i^ (^ L^La 
3j^Jalj -t^ ^ a o_)LS ^jjj i I JLj JL->o 4 j i j i-w 4 j f i,i 'wj (4 j f J~j>~ Lo>JU^j 

u_3j a-j I o jl ^>^ «U Laju^j Ua (^^^ 3 t Pluripotent oljj 5JI 

^im.'i'i tjl jliV LL»! jl-ij ^Therapeutic cloning ^^MjJI ^1 itt r, m.VLj 

2u^a £jL*jI V^i 1^5 L*j? ^^^3 ^ pJ Ll^L^ Llt-3 *4iAl jjjl J^JI 

Lx^blj jl^ to; Rudolph Jaenisch ^< ... ^M -w. c-Ujjjj L^j aLa 4jLjU 

.( A JSLUI jJeJI) 

.Somatic nuclear transfer embryonic stem cell (NT ES cell) (*) 
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ialfkdi 



* ^ ■ '^^ ** v i^ 4-iiajaj _ i 
.SI>J1 ^J^ 4o^a-J! ^J>L>Ll^ ^ 4jJLu^>J| 4_JiJI Sl^ JUoj _ 1 

iiUa* UljJJs ^^^^ ^Vl ^j <ys i^jjVl 4,nj<TI jLu of L.I - 1 • 

.(<jLoV1 Ja^J cJlj La ^1) i-iL-all jLkU iiU^ 3uIlU 4^J^ LMi. - \ ) 

IjUs (^lajOJ chimeras iJlj^II ^>*^Jtl *^cLj 4^ ^ xJ^i La) - U 

.4ir>iriV<ll LMiJl <j^a <>jla 
jLall jruu 2LueLiJlj 4 njln.ll 4 iniriV'U L>LkJI ^ ^Li* J^> _ ^ 1 

4-SjjJij j^.nii U <-^->J0 U< ( A ) J^iJ' £^jj U£ ^1 ,,, j j £^baltj 

f jJI L>U ^Ijit jL^t ^ .Lymphocyte 2UJL a^ii iJi. sl^ \ 3 j±] ^A^J' 

LfMJJI i^JjJ J^_uu Ua^Ij^II L^»_3LId aUJLi j j.gJu ^Aj -ft Jaj : " 
« i hj<H ) 4-JJ li^jVl JJUJU Lu>-li tj^sUJI ^1 Ly l^ ^^Jj jrU^JI l^>3j 

Nuclear transferrin I JiLJL 3 j'rji^H <-^cj T j| 5 M^t t ; , v, . , l^ ^j 
J^>JI 3j^» j^T ^1 ^Liiil iLusl^ iembryonic stem cell (NT ES) 

J-JiVLi lol ^ r ^ ' Y) J^VI ,^ ^^x^L ^^ I ^j^ jj^ ^....V. ...t i 
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>oj^l J^^^J^- 



fccgiSa UU5» qo 6^c1j> UU3» 



l_iL> ^ ^jjb i^yl\ JiUL 4jr j gjl 4_lL>JI o>^> ^ ' ^ : JUjjj MjL-u JaJj 
jjU , ,,TI £^u CjtL>. J^ (j_^j 4jL>- il (JjlIj * *4 n^'" J^-^J Luajl 4-fta <*na t^jl 

^ Jujl-^J; L7 H\ *Uai>Vl pLfl j^T (j^muj .iL^Iall w :.'. r tl ^LiJl 4_Uj 

^Lt J-j4J J ff * A 1 i-4-Jj ' A g 1 tJaJJ a£|j-J ^ JJI Jj J I I La jJl (j^J-C 6JL&1 lu AU J I 

alXJt L^J (Jjtlj aIb LiA Lj^L>J1 Lai . Ij^j a ^^iJj-i OjLsj C^kl — Jl-SJs I jlSLaj 
pj-Ij|j tfJU JUaj i iJLiJ (jl f 1 U^\l t 4_judj^ da * j aJ lJl!jj>j (j 2 t Julj CjIj*_ljL1II 

<ya jj^Vl 4 m'. r 1l Lj}UJ! jj-*j <>l Ijl-hu 5 : : : : r tl <_ai J_^>J! L?}UJ! 

LgJLa JSj 4 (Jn *j <jl JUjJ 1 Q* A JS tCil u >■ {jA LgJ TTJ^J Loj *4_j^ajj Jrl 4_mj-jx11 

HI 

JJ jnt ill l(j i>> t) Jt mij Ol M^flJa i \j »"^a J I I Juiuo <LjJajj_4 ji 1 jl m l^j) 
OJL^-I aj »Jp"" j ^ a j3 3h " 4jr"- L?~^ ^°J ' J J a 1 ULaifc. t_r^ L?~^ n a 'C^ . 

" Hi hi hp 

^yOj^A »^ U3J (ji-%J Ci->Jj ^J ^JjJJI J^jJu 4_JjLjjL>J| 4_J_C j_>JI U^L>J1 ^JUA 
4_^_j-i_£lj aL_lji_>.V! /_Li_»ja 4_j^ol_>. 5j_a_st-fl jLiila-jLj 5»cJl_«ja , ^ 7"i ^j| L^J >q_j iLo 

<3.jj ^jUiJI 4 .n^lj jf 4Jjf 2Lic juk LMi- (^aj iEmbryoid bodies 4JL^Vl 
^pJI Hematopoitic stem cells *A1 4J^SLa 5 jxj ^ L>L^ ^1 LiLJj j y 

■Hi I 

Autologus stem cell 4jucJLj>Ji 4_iUJLi ^IjJI r^L^I j? uP'^ r^. LMit^ 
JSLAJI ^ U Sjln^ll ^ U-^-j^j^^l Laf .jj^ \jjb ^^ therapy 

(j\ls* ^-L_jjJ t-4 ' y ll lJlIjjj 1 ^ <a J ^-" ■ ■■! 4_j_SJij ^ ilufej A 4_ljl_a=_a _ j" ■'■" 
*j« (_^^>. j! ^yiJjJ Jtja OJL>- 1 flS i4S_Li»Lxjua j^^ 4_uljj A^jo 'ir a ^J ^- - ■■***' ■-■* 
4-iC a_4->Jl 1 !Ii (ji ''-*-*} {—$ ' ■■ " 4_j_LdJ ^i t **■"*' i "! i i 5 J3 . j^\ * ' " '" ' " a U^-^ L^' 

iTetraploid embryo complementation assay 4 fl o ill 4 j rL>>!l 4_jj(j>JI 
OfU- (^? ^chimeras da-l^ * : <*± * 4^^ ^ 4_lcjl>JI 4 jl^ll r-^L»! ur^i 

4jjIjjJI 4^. j-oaI 1 ^-cLj I "la L>- Ju-Lp^ ^ ^ ^ yj ^^^B i3jL>.1j 4-l^lj^j £jj& jjSI ^j^a 



^•^1 



>oj}M j^^^J^- 



I'kJidl 



*»;l >l-iJI ji JjLLiJLi »-fl>JLj L^» ^L-iJl >a ^jl-^JIj S^ Tetraploid embryo 
t a M~ ^ VK l^j^lj La jl 5 Ah a, * 4-uljj 2LS_u JLxj (Homogenous ^IjjJI 

.->! Aj J, "Tl j j jtA. ^qj 0-*$ 4jjL- «Jb CjLLljv ^Jl <J^JJp Lm» i LaLu L^J 4-5-jll^a 

A^LLaJI 1 Jufc jf L*£ . il^T ji >l^*Lc u^1j>JI 3Ll3- (j^-Ij t-aj-f-u ^pJI ^LuljjJI 
L!vUJI (^j iTrophoblast AjJlUI ^LajjVl LjMstJ dry^l J^*e (o«"ll ^ijjJI 

( _ r joLljJ! ^jja \j y 3^£LjJ,1 4_L*jJU Jufc (^ (j a ' a 36 " j j^l "m u^L^i* (Jjl (CJ 

LM^JI jjl jl ^primitive endoderm lineages ^Ij^JI *^jjjjuV| L^LJtj 

Jl-fc. (^JJI i<l±C ( M mil J-A 1 JUfcj i^j-U^J! ^ (tljj^VI tfJLA ^llt'l (jJ 4j£.JL>JI 

.^Ul Jail! I ^ 

< " i n n n La (jyl^- j^JLlJ ^ t— flj-uj .(Jl£jl J-La jijj ^j-a (J^jjJlj <**<-»- j II 4Xi-oljJL JLo 
. IjL^- t_*J^ it_jJ^fl tfj^Lil ljL£: (jjj (jLftjJI * <^i^ i <_fi^_<jj IjulS t JL| -w J (Jw qjz 
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* ** 



W& JtV*Ml 




jjja ** ^ .U< (~i ij"i )( iU ^3 4-Lj t fl u3»L>. «_i^>j 

Feeder 4jj * "ti jusljj 5 ;; : U ^ n ..." L^UhJI 
* ...j 1 ^ aai 5 mL^. L!>L^ (^aj .cells layer 

Irradiated Mouse Embryonic Fibroblast Cells 

AjJI 1 j n j<j I Ja-joiu J*Lc jlj-^b a^-2j (MEFs) 

J* >j ^aj Leukemia Inhibitory factor (LIF) ji 

4 ,rj sJI b^LJJI oIhjJ Lojl liUa llUjJ 

* i^i i aj t^j-il > ttl tla-ujjJ! (J-i-lj *_y& 4_jJ it Zl\ njLaUl ^'^'> 



^•^1 



>oj2l jj^Ju^ 



li 



LjiL>JI oJub jj* cl jlj£j *4^>J1 Sj^w <llJL o^* ^p^Suspension culture 

- - - Jf j? 

U ^jJt^j L^ (OAI ^rlaAJ ld "U> j *LIF Lfci ^Ui 4-SjLlJI 4l^JI ^ ^ 

Jjfej 1 4 I a I a "» J A U>L». 9U-L^3 L_£j_U ^Jjlj 4JJ-OJ jlj_4jul jjj*. »-gj|jJ <1>-**J _A 

btt* cgtoi >* UmAII 4*f ittJf LM41I Uty j* ^Jf >|^, 

£, 4_j_Lil>Jl 4_x-C Ju>Ji L^L>JI (j^i-C - j ; " JJl I ^fl - (Jj-jua-aJl JL_*j ^ 

.Fetal calf serum J«Jl u*_L>. Jmaj LIF 4^L^l, 
L^LiJI jiu (3j>Io ^ tiUjj t 4 jm.II ^im-w |>1 M.-wVl j! iEmbryoid bodies 

. jjjU^ 4Jj g i ii ^^ JjLsmj til] JUJ n'finnill ^^yS 4Sj*3j| I 
c-j^Jj i(j^>t i J^. I fl tiaju t 3>^J_ a ^bj\ ill 4J^v VI 4 ^j j i"i a! hi "w VI JLji*Jj — 

j^i J-*l>c L4JI ^Ll^j pj Monolayer culture 4 n .UT1 ju^_$ *-.■" ..,_ a ^ 
. L^L>J1 jjLoj g l d '■■ * (jri^- Jo **"> Lajjjlj (j^JIj i4_Lt-j^jaGrowth factors 

Lo^ .(OA p IV) L-iiJI Cj)1 ( >>r LiM^j 4j,urnU Lj>UJ! 4^Iu Lj^U L^ (j 
LM^J! 4_i^3J 4jUr (^ Lj-ujjj IjjJ (^-ijj tjjoiU 3 j n ^ II jljll jt J-^lj^JI * f 

. L^lSJI £y& 4 1 "■* 1 <a "-" A p^J-il ^1 U^ V 4-jjuJL>J1 ^fCj^ti 

CjLojjjJI £yA _ 4jjL*J1 JI_o^^Vl j^ _ ^ ** \ mi"i (^P-Jlj t4 ini^-t-'n U^L^. 
Cr '*^ 'fJ^-^J^ij f^-^I^J ^.H- 5 ^^! cr^i *4 jmi7 , U ^la^JjjJI i^| 



^•^1 



>oj^l j^^^J^- 



VlminVio bU^^Jj jjUail'ft^j^jLaJI'^jg^aJf UlaJI &£>$3 

Epidermal growth factor 2LoVl >*^ JjsU. -Y 
Bone Morphogenic protein 4 ( BMP4 ) ^ LkjJt ^^ j^LJI I <jrGx>JI - r 
Basic Fibroblast growth factor (bFGF) ^jlcUJI L ^>Lj^j : LaJI j*i J^lc - i 



Activin -A t (jrOjuTtfl . > 
Transforming growth factor - betal (TGF-B 1) \ liu _ J^JL! ^*UI J*^ _ Y 



Hepatocyte growth factor ( HGF ) <jju£J1 j^JJI Jalx. -) 
Nerve growth factor ( NGF) ui ,^t\\ ^}\ J*U _ Y 
^J - 3jl>. (jr l£. J£ - jji-*^J 3j-ij>JLl ijJUiJI J-aIjjiJI a jla <j>j jukIj 2UaLi»1 jut 

L^LiJl (j^a Cj*L»- LAjjJJ (^-li^ 4xxVl 4g ii , » ^1 Mi>Vl <j^o 4 n"i ,nll L>L>JI 
^ Ll^j \ \ ^1 L}L>JI oJLA jjLftJ ^yfcj *f>^Lj 4> jUJI Cul£ i4-jJLti>JI 4j£. JL>J! 

Human Ijj^IJI k^Ji\ 4 ^ j ■ u, ^1,,,-wVl ^ 4-LLJJLI L£UJI jLs ^Lc ^x^jj 
LuUi: L>UJ1 ^Ijj! (^o j^u£ (jjl j-jU^i cij^-u Embryoid body-derived cells 

SjjJN 11 jaUI (Jjal^£. Qja jo il! j rt'rc JjoIx. 4j9LusJ (jl ^-i£i .3^flL^. Jjq!^£. (j^J (jjo 

(j^o (j^JJ J^-^J J-J^l cr^ J' J^^J f>» lt^" lb ""* >J1 U rr ^jjj *4jJl£, Sj^Jdl^ 

ifl'ia (-SJ^JI 4-jlar VI j^ La t< jiil t J rt^U J*L*Jl 4J9Ll^Ij3 t4 in irtViil L£L»J1 

.( AV ) 4n t j ^ju^ L>LkJl ^jjj .ijl« ^ ^1 4jL>JI >jU3 4_p.>S (_y9 ^SLseUi 

LM^JI 4 j r«~ ^1 L>LiJl (> jL^JI ^1 oJjUS Activin-A jn.n V.JI 
a At>> t\\ L!vL^JLj ^-dL^ ^1 jlj^L. ^j^j ^Ij .Muscle cells 3 A,>> %)\ 
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<— al i,M,l ciLjjjibjJI u^*\ >■ (ji L«uS iEnolase <(j_JjJjI» faj)-*! j-^j *^ ,ri ^41 
I«Utj .ib^l <fe .« f L-^Vl ^ 5-.au LUJkJI juua^lj *L>UJI *iU: ^1 
LLjj^ ^Jiis c^b Neurons cjLjj : -^-ti L-Aitj 5 3 : : •* Ij>L>. ^1 jji i "" 



I ^ LrflW jdUiil *JI 4d>JI SmmaJI mMI LttftJI J-tf 

(_yi^ tSj) " *j '"•.' '"' ' "^ J-* 1 !* ^JJ CjJI 'j j-j jJll (J^^-i 4_jjLo1j cLdjjJoj j^L^IJI 
^JS ' . i j LLa 1 1 J-Aj) jj' ft^ A ^ j c j-A Lo * ^g ' n^ . u^LseJJ 4-iJjL>JL 1 jljJo Jrl ^ ^^ 

(ji «-Ji^Jlj .(Ji fliu 5^j1 <i"ia L^Lx j 1 Ljjjjj*. S^jI q 1 a \Sy\>J>*$ (\jjt Llcj-i^j-4 

tS^ji o"U jj-C. 4 j h i >J I 4_i_c.Jl^JI Lj^L>JI (jyi^. Jjjua^Jl ^yS q^-lLj! jry^LJI 

Undifferentiated Es4 lq ^^~n ^ af 3>jL«JiU > i c 4 lUjkJI a ,^.\ ^u 

SjjLoJJU 4 MM7JI 4_l£.JLjJ1 LjMSJI (^a j : ;<H p «^^U | jub j*j ^j Cells 

protein Green L^alj j r^ vi L1uj>j u^'j >*j • Reporter gene >j-J*I1 
Rexl^^A^j^l jr^ J>L^ ^ VI aW ^wj V dr^>JI lJufcj . ifluorescence 

H j n >u lLUJ Jjlj ajJ .^Lo^j q\ (jJJ iUn'^ ^ mi n n ^iJI L^u>JI Ji^lj 4JLc J-^*i 

L>LJJI jl-l^LiIL (jh*j ij .ri^Vl crpi^l dUj ^^ a ^ ^j| L>LiJl 

L^U>J| J[j-C w n i uj 4 " j* A 4JajjJbj Jjjuj iSj^LallJ >-f-»- 4j-IjJj>JI 4_j£.Ju>JI 

J A ^^ Fluorescence activated cells sorter FACS Ja^HXI <.^.^>UL 
L>UkJI <^L^>i 4 ,Uf ^ ^iSL^UI ^ jrii^LJI j-U>^ ^1 4_fll_^)/L. 

Ja>. ^3 4 mn i p^^oiJl JjlS LiJajl l^clU" ml fO^JUa t^Lftal! 4jJLi>JI 4_j_£.Ju>Jl 

(ya Human Embryonic germ cells 4j^ m.jII 4 jmj-^II ^Lla^jj^JI L>LiJI 



^•^1 



>oj^l J^^^J^- 



4_j_i_i_L>Ji 4^jj1 JL->J1 4_lL>J1 4_j_>.jj 4 oLq c ^aa-seJ pg A i_-uL^» dJLLJb n • La 1 1 ' j 

LjjJI ^ < oJl£J\ Jj>L ^ 1 Jajij ,4 ji^ll JSLi, ^j 4-aL^VLi 11a ,4_iLkH 



SjjfcLlb ^A cjLl y}\ r,Q m JiU jl .Genetic imprinting w ^ »J1 j-ajJi 

IUj i"ii jj^ j 1 11 Jjfc JJljcj (jJLULjj SaVI ( j^o a! uj^/I ^ ^1 3-A J-Aj ,5 a-iLLaoXl 
Jj-iiiJI 4_SLJb] jl ujJI 4 1 j < a ^ 1 11 "1 4_lLa-£- -L>.jj » '"j< (_»*'• <JJ . 1 ^l«* j| ^L^alx. 

J^j^c pjhn jJoLIg ^ys jujl-*jJIjj ,DNA Methylation UjJI ^1 w ^ 5 : ii 

J-«I>C ^jLla i jry>Jl t>o JJL>JLl L^JlSL-a ^ Jfill 4-Cj-^*^> <M ni<n jrOe-3 n>->Jl 
L^l L^Jf L^- 4 'lA?^' (jr^ 1 4_3t_jJt-uaJI L$-£La| ^ dJl i ■■ aVI -j^" -" V *-uuUI 

4 gltll Cjln "sH tfJLAj .aVI ^j-a Lojj l_jVI {jA La! CiJjj JLB J^j 4-L-i-a CjLLjx 

4i^j (^Ja (JmJjsJI U^j jaj f^j}] 4^ o t\\ 4-L>jJll ^^1^ V <i "i t" (j^J M*^'i L r 1 ^' 
a| a i^ ,^.^"iA 0jj\ <t"rt ^ib J-Aj <l^ "^' 4_tL>Jl 4JLw iJ AjL IJ^J i4jj^JbJI fl ! ~^ 

4JJ8J .4 jl^U jLSLaj 4 j <\ i ij L^a (j^Lc LoJa_j|j ^-j . .. 'U fr^j tJ Xc lj_£j j^ *T1 

( 4JjVl aj.n^JI L>UJI ^ jukjj V Ioa cjLl^J! c^-d 0' ^^ ! cjU^UI 

JL^ Lovo i4_pjJlil ^Lcljj (Jj£ j j" ^ t, I ^& tdJjj .a aIU'.j 4-La-CJ (J^JtJ w *'J^"^ ^oJ-ll 
4-u* J.-* T I 4j1>JI 4x.ljj JU£, ujj^tj 4^mAj f , '% } 1 j .^_ij>Jl ^_3 djLAj-iIu 4 *<f ■*■" 'j 
4_l^ (jy^l - <"■ n"iiiill 4-tJJ J^" J^^ j' c_fl^Ll>.l (jl JLill^Jlj -j ft -*- [ I (^fl ^ jlljlI»JI 
j^jJI jjfc .5i«..Ull ajs^jJI 4_1_ij jjfi, _ 4jj^I]1 jl 4jJuLkJI 4j^:Jl>JI 4_iL>J! 9jjJ 



l£>-$\ 



2^jl\ jj^> ^XX* 



'i^kaJIftuLLaJI 



^ JJIj j;— n ^ l^ cr ^}\ ^i£j| ^ 4_L^i->Jt 4-ur J->Jl 4-JLiJI ^Ja}UiJ 



4-flj.jJI ^il .jjA* j| w * :; U j: A jSLi (^jjry^ (^! ii^l (JJJIj^Vl tjrU^Jl 

jrt-Ls&U 3jlL*JU SuUjJI j±lm 5jAj< 2l3j-*jo ^ Ljjuij ^ m ■*< T I j*jdl 4 jU y 3jll>J1 

4_£j^LaJL ^j^'~ ^-" 11 <_yJj L)}L>J| 4_l3^j 4J3j-JLja ^ Li^a-il LjJL-lajj i^j-joLUll 
JSLJuj .4 jmI 'vJl 4_^ajjjj>JI 4_iL>JL ^LjJl J-ui-aJl <y9 Jj in rt'JL LaojIj-Sj 
^J3 1^'/ a SjLaLl-u^U 3>jJ£ LIojI itZA * Liiii) i4j) mi j H 4j*r ji^ll 4_^£,JLj>J| 4jl^tl 




^•^1 



,>oj)M j^^J^ 
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^ * J 5 >o ^Jj I j iJUl CjI j n ni* in a JS /y « i n*i 

J£ u_sjufcj jiajps J^ J^oi *l <i mi I La .^Jl_»JI 
^aiLxil cjL^I t^" al < jr i*i i j j i ^ 1 \ i r i-.K ^ 



^•^1 



>oj*l J^^J^ 



JjlB £>£-Jj £ J in aJl (jj£ JU-JLJJ Vd^ >* ^ (J^ 'kill" c^' 4X.LU1 4 K mi a 
t-^Lc j^^jfc il^-L-C 4_Aj_tlaJl jjb (Jj i4_±j_±iaJl ^^L^j £^Lc LtfJ^ UJlJj IJLA 



JSJ _ Lj^Jj _ y-La '"• Lgj] 4_tiljL>JI 4_i_L>Jl *4_jjqJuu jj-uiijjj 4_jJl_lj ^j" ^ 'J 

£>L-n_£ 4 ir'l ->,!! 5 jl^U aIj sc ~ ml ^ lJJaSJ V l-3j-ui _ J ua Atl 1 jjb 
cLaJ fKj! i_3j_i_u Jj _ dJJjJ SjUJLC V j 1/1^ OJj-B (_ T J-iJ ^1 - Sj-JuL-jue 4-^JjJcaj 
r-j^ JLB ^ 1 ■■ flj JLui^JI (_y* w * j j La T 1 «-LcjJi lJUb .r-^L&U J^LJ #.l_£,j£ 1 ^'^ 
i^JlSI jl ^^e_i ^gjt-d JH^J -^J^ j3j i4jju 3j^u cd^4-uj 4 ... A * jlmj^>JI L^Ld 

l_^1^J1 (jjaj . lJ ±j j ^\1 i£j-±*\ 5j^» 4jLLa£.l (jjl 4^L»J1 ^JX. ^cj t>aj 'U^*-LI 

J^U frLc^ r^LJI (jjs 4 if Jlj>JI 4_i-LkJI aI.v V" ,,,1 5 j ;.< 4-a^ » a J^b 

4_jjIjjJI (^^Ij-^aVL .3 j 1 s\ n 1 1 Laj 1 \ $Jb\S (Ji-lj 4 Ij n >o £y* c_3JU^Jl Laj 
S^jVI ^"i ■*. L^^^LlI i"< 4 \ nr~t 1 id ^^1 (3>LaJl Loj t \ mi 1" < nj^J ^^ J^ '^'.' 
^^l i^jLUl i^jJj-C t jlbl ("nntj *4l«l^ 4i^rttl ^^ (-aj-JCU tjl LJ J-»V IJJ 

•f>^ J^W L>^i >* *>*W 



^•^1 



>oj^l J^^^J^- 



Gene Therapy QbaftJU Q)Wt| (8#maJI 

LjjJI j"» ^ t^^lj^JI LJjJI £i£J*j>- jj n g j u-tj_Sjj ^— a I mi"i SI 4 tt j "i > Sjuju>. 

J5j oLLlxj t 4_ulj^Jl 5 ... t :j 11 ^^k.^ .Recombinant DNA ^laJLI 
^■1 a j ;t~" L^J jjSLj ^J IjI 4_i_oaI ujl j ^ij ^J tGene transfer urt^JI 

SjU^ill oLjV^J! oLcj'v^ «J3J La IjUfcj .^jI_Llj>JLj 4_i^.}L*JI iZj! nj jtVill 

J£ <Jj-£j 4-^o ^ ^ ^" --M I juV jl i^j^ii-jJI ^^Jj_>JI pjj-iili^a (^ lTjIjVjjJI 
c_*j^3 C*iSj JlLa (j\£ (^yJ-H .4 jim 1" 1 nil 4-jjljjJI (^palj.ja V! r"^Lc (^y^ i* ( _ r 4i 

LJ^Jj) i n't 3 1 ^L^Jj lAJw 4-jjJ ^JJl j*V 111 tl *lj L> iu^a jl Jj-dJ (j! frl Uf l 
O-* J>^' 1 4-Uu La j *ljLi aLj_SJI (j^- O*- 3 *^ *^ + **j J 1 '^ (J^** ^J ij-^LU 

L$J— mi jJI aj_Ij_^JI ^J9 CT^** l£' L^-La ^jm)\ "ij (_^JJ' JfjJU (_^^J *4 j'ij "»»J^ *i J> 

*^*i 1 n"j t^jJajj-ll L^jt * j^" ■ "" Ll.Tj» c_jj^-SJI J j^" L-uJLl 4_^3j liLtl /4jlj i4iS 

(jiJI _ 5U : ,,. .t< j^j^LuJ! i> ju* jl jl^ll ^ Jul jJLjJ oj^j (ji i^ij jUti L^jI 

t^jljjJI JL>JI r^-^- ^1>il 2LiL>Jl ^jjl 4ii-JU ^ySJ tLjj-nj C^jIjj ljSjj-"j 
U-J-^J »5jLfl * A 4_A^C 1 $j\ L^LaJ j-^^l Lr^ (-W ^U '" '*"' ' "jl 4 jlgC * LgJ 
(±jJL_>o 4-_>-^L_uaJ -iljJLl ^j-Lj y^ ^4 t>->^l J^-- 3 ! 4__j_Lo_c o JL t tj IJLA 
gJLt.U cr*->Jl '•J- A ?"^! Q^ d Cr^" D* s ^ ULuftJ L4-* i4_^jlj) i»f 4-5jjJ^j 
I JLA JL^jl cLjJUfcJ JL-5J3 .(3>LLd)/I ^yic <.M.LLa j if Q^i ^ u^ 8 (jr^ 
t^-i^ ^^J tSjLus (j^a£j JL5 xjL-Ij ^jJJ (J?-iJj Lava i4_jL>JI ^,3 ^lli- (jr^>Ji 



^•^1 



2^jl\ jj^> ^XX* 



^ x he. " ■ ■■> jt Adenoviruses 4jjj ill oi •■■^ j HI jl Retroviruses 
^jl>JI JjjlJI (j^j .Liposomes CiLaj^jMllI ji 4 ji^jJI oUuu>JI 

(^£. CjUjjJLj £>UJl J-Li-oLaj ^ Ji-JJ jjl Jj-3 ^jL-aJI (Jj^j^ l>^Jj 
i4_j-j-Sjjj (^/l_>J1 4__j_&L_4 ^ Lc t 9j • " * Licj * 4_j_cJu>JI 4_jJL>Ji JjjjJ^ 



Gene fe*JI 

: JLBj ^i ae t"i i ii 4 4jLuJ l£^-3e-i» L^Jjt ^t>. ^yluLwJ jJoili aJj 
tjj'tdi'w.iJLI 4->.jJ (J ^ >j <j^La jninVi a < <jilil « hjS 4jIj '(JJU '^^ it jo'w 

{J^T- miH 4 1 <j < nj 4 Uj i .it JJLJJ L$j( A^J (^lc Jljj-Jl I JLA ^ 4jL*.Vl ^5 VI 

IJlA (jt jrl i^j tn'w fr^j^ ljuAj nj^>m ^"tU j-jaJ a j j ^ a j J^jjiJ - ^>j ■ - j (La JL>- ^yJI 
(jiL>JI jjb IJlA ^jl^ IjLfl ^rj^pl ^]>^ j) lit j iJL«L>- c-iu^ju (J^-^-» ^4^J £y* lJxjj^ju1\ 



^$1 



>oj^l J^^^J^- 



OtLtaJb £Ua)l B 'i*c±a)\ bliaJI 



4niflTi LdLnx^l Jujl La jJLnj 1 jn till Jbjl V Ljlj J«JflljJI (j-uSx. 1 Jufc 4-LlJLkJI 
(4jL^JJI ^ -l^ ■■■ ;"'tl ^J i^-ijj 4JLfl iljJL*. I jj j-al ^Aj i4\LaL£ t>u>Jl 4_j^La jt 
JIoj 4JI a£j (ji^. (>->Ji o' 5 *J a jJLfl . <LaL£ SjJUoil o JLA (^Jt V (j-iJt L«_£ 

jjfc >C-4 (J*l>JL!9 uc^^jI^)) IjLaejs 4_x4_jjJ (JSLxLj 3jJuus La 4_tf_jJLbj ^^J£3 ^"'Uj *"J 

4 ^ta" mm *m » ^»" ** 





w" 



r 



jjLLJi ajIju ^ Promoter j-.m* jjp us iJaj^pji j^ ^oia u-jJj 
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I^XaJI 



£j^a <ui LiUI* (jic JJjJIj .(^ JSLUl) Introns cjUoiioj Exons ^u 



.Coding region jtukJI ^ j n ill I *0^>JI ^h* oIj$-^->J1j ! ±-**\j • , ,^ 

^ (ji^-o 1 d'qj^-sJ (jJj iNon-coding region *j * *■ a j^ jUb „•« 
(jLLiLI ^ «Luuk? JiL V LSjLs Ijjj i . i * l"t L^j? jlu t 3jJL>JI 4jjIj>J1 2j, t| 

L^_£J .Polymorphism j jl_JI ^ ^j^l Oe*-^ l^ 1)jW bi J S<*h u;* 
^ - Intergenic regions oLL »JI <>u Lo jLLLa *_* jL»uVLj . ^4j- t t ^ ft 

^V 4jnj n-^Tl 4-3B-ajjJI (^iaLl^ cr^J *5jUJL>Jl 3jLjJaJI oLLjfcll u-i ir^j v> ^ a 

j-^uLi . tnjT fl j^T (jrJuLAJ (jjb jl < I Jul 4-ul^i j^i^ I flrtj .nj V j*^ljj>JLa ( ■ .^ 

jjjLj 4-^uIjJ ^ \ $ Ac fjj, \ <\ " «j CjLjj rt >J lj j^Io^JI *L*k. <jl t^a ,/n > 

0) (*i ^>Lc! ury»Ji Uj U^c ^1 5ju»L>JI 4^y H Jtl\ Sjuk^JI |*>^^ ^^ 

^^Ij 4_^JLA ^ m -sll fj^lJl j? jAlJI IJlA JSjJ^Tp^j ^ »J^>*J V'^n^j . rii 
»->a I ^ i>tt 1 L0L4J ^^ -" (jp-*- * Lfc^jal (^ 3j-j!l^ 4-j^v cIjLjjJ^jv ^j^u | ,,; ,, 



>J^I 4 U j 1 m il_ji>.lj JLx^aJjJt 4_J1_C 5 .^jUj ^ J ' J a A j ■■■ (illJU 4-SjL^ 
3*JijJljoj ^jjaeJjjG J^ mi j jl ^^-La_a J^ ilj ^L>- dl^— u * La c_ajJAJ **^^l*^ 

J^ 



i^jJJLI ^jLc 4x^j u-fl2jJu 4 m t t ) L_flJUk (jJJ tlL Jj-^d^oJJ Jx-su (JLj3 t ' 



i^C-^l 



^>j^\ jj^^XX* 



jj_il]l tij-lJI f>^>JI I J-* e^ J^HJ <>^' H- 1 .^ JL^ ^i^ 1 lA>^ 0^ 

^LJj j-^^l a_L.j i f Hrtllj 4j^t>JI cl j^j^^j ^Lj-tAJI t>Jlj^ - oJI^ IJI _ (jjj^li 

. I^jjj 'j-tjj 4j-*5jJI ^UlajJl 4jL*-fljuD (jiJJ AjiJa j^JS l^*^ l£-^ 
J^-hf Cr^iJ J^" J 1 - iJ -^ 1 ^ £-*? *cr-^ iS 1 lj' - ^ -*->■ ir*! - ^J>^' <>* 

^yS Mis oLoIj 1 jLfl .^^LjJI JU£ JUjsejj S^IaAJi <c_J>JJ dj^ulajl 3j>Ltj ^-«KJ1 



(j-uuvLa .(jjljjJI ujJI t(j[^w 4_cj)jij JL«j>. j^-l-u pL>- Luajl LLa ^j^oj IjJj-ujij J-*-** 
( \ * J^m.U) Double Helix j^i ^j-i>* <-J^J 3j>«d ^ ^jJal.^l" *^>l3. 







rtwAaijeijiiij**^ 









l.^SjJUI IJub ^yB . 4 j *i_i >-j^,UtA Jajlj^j f^jrWi^l j tif = jjj i^J-Ujl^_>^ = r- i^jpOaUj = O 



^•^1 



>oj^l J^^^J^- 






jj^iji ^1 j-JaJL 4J jyjj-ll J^^Ji v^ui 1^ 

^c ( rtl'i V"t SjV^JI At\ or jLa *4_Lo Uj^ jlL j! <* ■ »*'. JiL j? ^ ^"^ 



^ fiijJI j^yiAJs . L^i£. ^ini j\ L^jju (^Ul (j>^Vl juJ>JI oLj^ i^*^" 

{ja \j-±& J-4^ ^ >^J *4Jol i.mH (^ 4-jIx. <Jj LusjI SjlIjla ^^ 2/^"*^* 

. 4jjS^J jiJ LiU JJ ^^^ 

e.k^JI s-jl^jJJI oj13 Hill I,jlA(j1j.L1j Ugjlj^ uJi ^ tittuS <i- J* t^J 

^ & . jJI ... j*U ^>tj o-L^U ^>tj i_Jii! ^>lj lku ^j -^ 



oJLa (jj Lite I^La .^>^i 4_d^ ^ J^jlS UlSJ .L^UJI *jla . a^-^J 
.fi.^lL 4^ o>Ah ^S^ 1 £i*^ <> J^» *L?iUJI tills t> 4^i; ^i^*^ 1 

* \ a 
l_*j_£ij— ill ^jl LU ^ ua "j J .' ' " ' * A a <4j» J jJI < _ T fl (j^-^1 uuvv X"^* 

. 4-LiLtl jjlr> inn ^j^j l^j cf 1 1 n <n llic ?*j)JI s'i^P ^^" 

' 1 
Jj_>.^a^ CojIj j-4 *>JLjJL> 4 <\ , u Lua *i_il^ J£ ^ jJl^lj tf jjl (>^JI (^ <^ J<: 



^•^1 



>oj^l j^^J^ 



i * J^"^ 4_Lj>ja Sjljjjj (jAJ^^J 4j^-J (J-a J- 1 -^' ujJI (J[aja (jl i-Jbj-JtJ yl JU J 

Li^L *<j;jj>JI Ijjfc jjuij <jf LJ jj2 lj^ i ju^Jl L>L^ <>» 4aL>. J£ ^ ailjj 

^^ mil ^^) >» • oUaS a 4j^Ij (J_<q ^Jdil jj _ vLi_JI 3ji >.j - 3j jjjJJIj 

. 4_j_Li_>- jjJLjj £jL£.LJ3j Cm a -»j all ^L^j^-^J '0* T J " PjJ 1 ^ U* ' ' * ^* 

j_^j3 ^ j t " 1, 1 Ljai tLJjJI ^^ja jjLIjIj I juIj L*jl.i cj! <i r u^-aJlj j^ i ii II »igj ** *^ 

<— » — £j* A ^ ^ "' ^ * > - (j-ujVl) t c I j + *jj1 L^-Laj 4 4-Li -^jj " ^* !l 5j cLaJI 
4J jl L-bjf >*-*Ilj ','iT 1 ^ i>*J *(l>* = 0d3 j"j" lT b <£ = Oi-^lH^'j 

^ja dujJ^J 4_ku1j J-B jl tdj J-^jH t-^-Il (j-JJ' A 3 {J^y^r* ^-*!H-3 (I)- 4 ** J ^- 

j-uj a jUJLj IjLA pijj (j-^iS > L A> J>a l ^-*ij' ^^ LjfcJJUC <^j^>» CjIj^-A-4 
LjJL^Ij t(J^ <jjj <j^j jJtJ L$jl£ CjJUj jJ^aVl O.t nt*t 1 <tK*^ tjJLkJi 4 ohf 

-^'fl ■ ■ LAfrijJ <jy-^' S^SLoJ'j *4 l^j i ill L§j1 

^J*- t^JL>.|jj 2jL>-lj L^JLA^O jji < f l Ac <■ iTTJ ^JJ i^ 1 1 I AJLAC ^^ L»-4 L^aIqlU 
jj-fl /O _ V jljuL-o ^ia-S a Jt in") L^jl > aeJi ■■ a Ljua i j * n >. _ cill jJLA - tj] 

U Jl ^i^i^ Jilj ^ Ory>J! (jA ci^tJLs <Lik:j )<K ^IjjJI UjJI ^J^w 
jl ifrULI ^j^o £-j>^ j^-« jlj^ (^ I^'m *j 4^o i ii j2>£- cLfc3c-JL$ VI j-a Lo ju-idt 

1 JlAj .^jiSJI ^j^a 3j j i^ 4^oj^ ^^Ja Sjjl t ^>c <±j_3tjJL£ (^jLjSLII (j-aAJ Jj-Sj Lo^J 
^jj>JI 1 JUfc (J t i"n (_yjJ' Cji Jj>Tl ^jl LiljJLJ 1 ili^ t (_yjJ1 ^LJ-ii Jf I J^o J*^*' ^cr 4 -" 
p ^ ' " "^ I j j j j; xj« ^ ^ ..\\ y~ a jjjij ^ji jlj j /.O— V LjjJI ^j-o Ll >• jj« '^" 
■^^ ■•■ 4JdUbjpe JL^JS , Jaj_Lxi_JI ^jL*_j£jl c-^Sj-jJI j- ^^ ^j-S-i 4-2jj-laj 1 flj* 

4.jl^ Uj ^5Lu SdxLjtJI oUl^JI cnjj ' j:: ct 1 ^^' >^ i-u-lj^tl UoJI 

^ J J ** -! *^IkV "^3 l!a2 * a (J-*JJ-I (jrU>JI (jl ^ it J I J fl * t^j i J ^11 ^j ( i t "II 
^J9 4jt3j^aj i^lj^o^. ^j^a ^JiJ->- CH*^ 4j3^»Ljl£ (^j^I cL-til L^jSJj 1 4 j ii j^-i^j 

l4dflJ^ju AJ (j-«J (j -1 ^' J-a^- (j-^ S^ U> j m 1 1 rj^pl t--ul^w JL^I 
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2^jl\ jj^> ^XX* 



Ajr\yir&jlTill 

j i^\ *^ \ \ i ( J^jlj2\ \ &\ * * u (j-L>J1 4j'J-J <*-^j£ CjljUJ^jJ! /y^a (jnjua «_)Ljj JL>.&J 

j I cjM 1 m. dj cjIj n -*» o < J-^-ftj ^-Aj < Regulatory elements a J*j±\ 

■ a j * -.n ■**;»"< ..- L pjj oIjjVi q« i'<r> {yt Genetic Markers ^LaM * < 
J\ \ o j >-j jLiMJa Jry>Jl J>£. ijj-^r} uy* ^Jl L^ • ^ tlr^l t>^ '"''»' jHj 

4jJI JjnUI JLjJlt>J1 j intH <y9 ^n^H J J. ' «" ' ^ <o1*jl! f jk" ^jjLCfcj jjJ J-jLilll 
Lol i JLcl^JJM <jj8 rj) J-flVT 4 t mi ^>-V1 (j ntjl lj i(jlc1j^J| r-ljjl ^jjq) CjIjljj^JJI 

^ LLjjljI j-uajj iTijtj 4JJ* Ji3 L»51jj .Duchene muscle dystrophy ^\^ tU 

J\j* J£ Jj-> ^-uUu4j oLa>Lc. LuJbj 4III <jS[Jj 3SjlcIj^oJ| J^o r$j L-kJl ^Lsj 
vZjLljLUJI * JL4I J^-«J • WJj-£. l£>^ Lt-^' ^^H?^^ lP (y 9 ^V^ OJ^J ^^ CjLljLjj 

.SjJu Sjljjl^ 4jjl^i ^ TAT ATA 13 Li bj TAAT oU UkULl ol jlu^Ij 

VI ukl^ LuLl Lq^ .fJflfiVl j-JI ^jjd cUkJI JJc. ^ La llul c^iLi fj .3^S^!I 

ji J^ j j! 1 , yjj i<-Jl l_*ajlj j) juV 4Jl« LLj-i j^j ^j^j^ JjljI I jut 4JISL3 

.a^jJI 4jLo11 (~i^IJ tjJliA J-AJ *V ^1 Jj->.jJL) 4J ^fluiNii ^jL^ J;J uJjJ^ iJi-JU 

tj\J^ ^ 4-o>Lc ^:^j jji juV ^jLia *L>- I jUa iJjL^u -iU^ ^L jj! 4jlr *? 

^JujflJ jjt i t frj J^-JJ (j^-I C^.3 'O^ J^- 3 ^ 0* ^J^" ' ' "J <JLJ d>-i-it3 4_oi>J1 
[ _3 (3^1 ^J 4_jui-iJ C^jJl (^jJ&J i41jj jj-C uLLiJl Jljljj^ 4Jjjjfc ^cj^d^jj 4_jJ3liaj 



^•^1 



>oj^l j>-^^J^- 



Iju_»j liJLLfc j-jLU1 ijLkLJI udijj V] 4-> q-u !>LJ3 <3jLjJI i_^ ,,m £>JI <»jlc 
^ u t >\ 4i j <GLa -(j>i^I j^j vlfc 1 ' ti^-! C^l ^^-^ Lr^ 3 *^UJ^ JJljJ L^JI 

4lsL%^4 i A, l^r-j^ 4jjjJL)I 4jj£Ji tfjjfc ^Jj J-i^3J (_P^> ^(jr^ 1 (jr^ c£j4f ^ 4JujJd 
(jjj ^ji^-i -ijJc^uj 'J^""""-*^ (J^J"^ l£J>^ * 1 < « 1 1 1 CjLIjj ?r "( n"i ^ . ^£ j jj *l niti 

4_Lfl i>> nj jjl jljjj ^jJI J^LJU J>L-4_tJI ^j^Jl 4J * mi at jJaj 5»-a>^ 

}Ll4^> 1 S j_>I l_Lujj_i ^jjSj ^"t *>» ' . ' j J fl"^ c-uJ luj 4 aLq c 4J <^j JLj>i i Jj^S'u ^jt 
4 rtjU^JI tjj^j 4_tj 1 U 1 1 4JLjjjJ1 4-o^jJJ 1 5 j La j *^-J Ja^I ur^ 1 ^"'^ J^J lS-^J^ 

.4JJI ^jj 36 j 1 11 (JjjOJ IS J^-Sj IjL*^ (jiin Mitlj 
7UJ| (j^JJ^^ J' IJUb Jl ^^udj— A (jrUjj, ill IjUfc ^jLj J^ SJlj .(jiaj-LI 7T "1 j J |4J 

^LULj f*j^ 1 ■■ jjx, 4_j_i£,^j ^jj jJj-3 ^4 H>^^ ^S j I jl csej I q C 4_Lia 0U-4SJ 

JS i4 g jint ^j£ tj^lj u^j-w L^j J^oJLI 4 njU^JI ^<u>LJ Folding 4^L SA^r 



^•^1 



^>j^\ jj^^XX* 



f^daJI 



a ]n* a ^j\ * a a a >JI ^^J *0^- tin J-*-^^ W^^$-> ^ T " '* U!3^ *-*-^J 4 J->-lj 
4J*^J- (j^a J-^->\ 4 g-'i^jJl! l_>ol_i <jj-£j I fl a il ^*j J a! j nil OoliJl Cj Ujj Jj-_iJ 1 
I ..I A ID ?c.i.>»jj L4-S . CjLLjnJi (C^£ j^^B Jlj-SjuJI £)-* ^ < - j 43" <1 w * ' "*V ^"^ * JL>Jj 
£>-4 4j^_>o L_4 ^ U iJ u J * LA Jj a.4-» ^jIlj-jlJI ■» jU>" Lduj V LAJl->-j 4__JLi*JI (jl 

a! *r mi il ^J3 I < jo ^ I j| I 4 t j (jlj 4 4-iC i 4 >. jl 3d>^ J - * UJ-^ u' ^J J f ^4>^ 

VI ^^A Lo LlA jL>JVI 3^ <jj .^liicJJ (jrJjVl SLjJJI jLLa Laj^jj^j LA^j^k 
Lgj V*t n "n <_^jJ1 j j In "i H ^j^a 4_jJL*JI 4_>.jJl!1 JLc <_)-£ (_ T -Aj ^ j ^ j Io j 5j-£ 

^9 La^Lc ^yic dllj J^J l-Aj— 4? JL5-JUJ LAj3I jtj 'J* flJ L-4 ^3 cXil Mil ^ 

^Aj) 4-jjj^o c-kJl V * ^Ij^w ^jL-uu-jVI Li>L_^ J-4 4_jLx J^ ^ 3jj_j>-jII 

JJL-C {jja J-Sl LljLi^Jj^-JI ^j^a _%■ t c UjjJ o^^ ( ^J '" ^' *-^^ Cr^ 1 °J 

Ij (jOjjj £"1^JJ ^3 Cf^ Cy* ^-^' ljJ Ij " mi I < " u * * a3 i 1 j" ae 1 o aJlc Cjjj 

ciJjLJuJ Li^u (JJJlII 4 1 " <3 i (j^J>JI _£_A tSjJL^fc-rt 4_^_±lij ^j (jrUJ^J ^j-4 J-^LS 

U^JLh 1 (lhi5^ c^ 3 ^bLA* Jbj-L* djjOJ (^JJI >j^T U^JLH fr ^>->- T^! Lr^ 
yl JLoj . Jj VI ^ruj^_JI 4 ^ jtXj £^c L4L4J 4 j l~ jfc A 4_£LjJ^>j 4J t ( ^ i" ^- ^ .>^*^ 

4Jj ^ 1 u fjji ^iLtj _)lj cjI_Lj__*JI £j_A J-4-fi. 4-dj^LJ Llg-^Ja jlj 1 oK LiUJJ 



A^C^I 



^°J^' JJ^^^^° 



OlLtaJU gUaJIg fcjciaJI UlaJI 

Mb*" ^j»^i *tjiUI 

JJ-^t ^yS Lub < ii in Hj .((Mi mil r^i-C J_A £*}Lc. (j iii "fc-1 (j|» ^LJfDifl (Jj-^J 

^Jg OjLS (jLfl .^ji->JI (^yJS C_)JU>u 5jjJ_jO 5j_ Aid ^jft L-jJLc 4_4jljjJI (jlolj^ajrl 
^j ".l i a ( j\^ % }\ ^ja ^1 <EX0nS CjLjj^>»ji ^ ILj uSjju L-« jf *j * .T.tt JiJbuJU 

tfJLfc OjL£ fj\^ tj-Alio (^yjijj <S^J~ A (jr^l ^^J- 5 l£ j ' 'L>"J '" * a J -i .' ^ J ^ "'.'J 
(^11 jjalill ^ (J? <LjJI Ja3 ,„ ^ jl ^ n ,UI ^-^ jloLiil «> olj rtUH 

j^ 4jjj ,,,U^ Promoter J; ,UL£ Regulatory elements i^Jo-Ui jlaLUI 

^-j-C. La (Jj-^- (j^Ja LaLxj jhilt 4_U9^ 4_4_ju3j-a (J^dIj-cI jj flh ^^Jl (^.ijj Lqj« 
j ^ j * "' II ' ^* UQ ^JJ udJj ^£jjjj3 Lmj m St fl I h j i m ^M-Ji* (jjp-J -^J < Jaj)h> 4 

4j £rujjj ^j-u (jJLIJLjj ((Jj_j-ujJI Ljj tc-lmj 3 j1 r (^^ 4-fljJ1 ajlc j! *o 'i?«N 
(j-*J tjj^"ill (^j^oU ^njUj j-5t^ ^JJ I J-A ^jjj JLflj t4 i^^U 4 U j 1 nj CIjIjj^a 

>M-^ ^y^ (^ruj^iiJ ^jajiojJt Qa-jJit \jJt j j *^ t4jj_A^_v jl 4jj j v 4jj1 .<> jSjhjj 

oJUb iijjj jh'nnll ^IjJ j-a 4jI VJ t^jkll 4"J %'* ^1 j hill i-,iilj J\ (jj-i (>• 

. ^ ' ) I^m*I 4jjj^ ^jj-u ^>. ^j J^ ty 3 jd^ 1 "' r*J * ^ 1 j a 1 1 JLx>-Vl ^yJj 3j^IaJI 

JLkji jl t«3Ju>» 4 x j " ■ ji Ljjjl ^jja CjLjljLLjJ ^laJj ajLclj 4^^ljj jl ^j^ly 
tjlJ" *->^ cr^ (J^^ 1 j' lJlc.1 JalJ 4_flt_uj J? UjJI (j3 Lft jl£La ^J j^' Ji ^JUlji 

Intergenic regions LjjJI ^ 5j n m. U j j r jIdLUI ^ ujjljxj Jjl^ ^ Lit 
(>a ljj-aJL iuL-stj jl^ \ $1* \ j j j < jjl Ll^jI JajJI j , ,. ^ jjjj Jntrons ^j 

Sj^ i a 4^4^Ljl£ olj j i-j II &JJb q^Ix -%-U *\ olall Ja->> L<m» *4-i>.lj t"i in jlj ji^Jl 
^JLjJuj " m '±j ^ 1 J-iJI ^y9 Lj i.^i> (ji^JI uj^uaj u_3^uj Ld (JliJ 6jJ-Pc-Aj 4 j *'^ 



^•^1 



>oj^l j^^^J^- 



iuglaJrkilall 



Luajl C<.a.Ut"i ml Lo . Lc-^J A-msLJnJI (Jj.^aAJl j-JS ■ *j • \ • - L4-S t/«Jbj^C^ j^ ' ■■»' 

Markers^ IjjJ I oU^J^Jl Js . Ljj-£f \-»& - cjLjLjJI *jlaj cjIj akJl ojla 
»_xjj^ iL^Jj-cj oLLl^JI ^^ i-9j t'Uj iS^-iJIj t, .mi ill cj^?Lw oLjiiV Genetic 

4 TJ Vi cjjl^J ^Ul dlls Jl. Sj-l-l^ olj-il© juk>5 <ul jloj . {U) 4_lj>J! cjL5L£J1 

^ cAuil J^L ^.j^. Down syndrome ^JjJLiXI <J*jju uruL-aJLI ^Iv m,V| 

u ii fi^H (4j m^jj jl 4jJJLC SjrtUH 4j£^j t^rfii-w Ifltjfl^ jt l^flUta ^^3) ^L^L*. 
OLu^>Jl t j^a ij^x j, j t S JJL£. ^* ^ jj-ait-tlJI ljufc Jj-uaj*. 4_La TtojJ Lovd 1 T ^ p3j 

itJ !i£. LfcljJ ^jjjjl ^j^slj-C^l till j ( jjO ***ij**i*A t 5 1 j I U a j j r <A j a! <>»1 lJljUoJ ^JtSMU 

*j- " a ' ^j »j *'' * j La!i 1 hj ^jJjJLLil ^j a be, •"■• 1 1 ijufc jLS < . -j*^ iJI Lai . ^jJuJU (j-aj>_a 

CajLuidI 4^_u-u 4^ju3 t < 1 1 '« a q\ j-lC . 4jL^1II ^^ I ^rt"* a I j£> j a 4jj^a ^jlS (jjj 4JjjJLa» 

ajJI j^ls o^^-^i ^^jh-^ uj J uwjdj^" '.'j '^J Cystic fibrosis u \t^^>^\ 
i.Ui.tj-HI (^A-uVl j > ill J*>3^>- Jj-> tjr^L^ < ,t i^>j Thalassemia (j;j ^ M 



4_jmIi jIj 4-uL<mSJI jljJLl (Ji^ iCjIj-ilaJLl ^ <a j j " ^j j " J $ ^j^j* JjoljiL ■_* ^-j" 

^U^iyij ^jjljJI ^Ll^VIj 3 : ^ ... a;.h j^a 4j-iVlj (j^J 4_juiil^ t 4jjJJLi 

4 1 i.i iitj 3j-a]I J-^lj ^j^o » j u Jj«Ij-C ^-Aj 5^jrw>JI ^Ja i-itj Autl uL»jJu>J 4_j_iju_aj 

pjjiaih. JLi ^B 4"^ ir> ^JUoj (jrtJ>JI cjtjjju ^1 IjLA Lo Jjjlj JuSIj i4j 4_ka_pJl! 
^jSJ j->-l (jH] jj-ait-ilf ^po L^J 4jI y"t mVI ^ a\~ V"i JL5 4 nh n) ( Jjq1jjJ ,jn> ilill 

. 4^jjju aj jjja j 4J^£.j 0^?J I 



^•^1 



>oj^l J^^^J^- 



OlUalb gUails'tuciaJI ULall 

^UjI C\J >i LjjJl *{£j*3*- < 'j nVi ^yliJi * " ■ I j J La 11 |*tk> a ^ju9 a^I J^ ■"■; j 
< Ji r I i ^> "> 4 jl o r ol-^ iu_5jij_«_A j-A 1 <tNj ^ ^- i ■' jt UjJI < a c 1 ua3 4-oJW.c 

SjVj 4 j 1 n r ^,4 * i4jLiiI 4_jj_jusj 5 * £ • ^ ** jl^ c 4_j1>J| ^3 LjjlII *.m£J~». 

SLijkJI 5jVj 4_j1*jlS .Jl^Jl OJL^Jl I JugJ I jj""j j lin JuJU£. 4-iLiJI JSLfl 
LjjJl *(_£j^>- tjj * LJ^J^ *l£>^ ^a-gJS ^j u-lIj 4_U 4_iL>J1 ljLj^ Jn^j 4-^La c Lg ■ ■■^** 

JUj .4_uljj <:IUVt ^1 £y> 4 j*_nV> Sj^j Oj^ U' ^ '" r J tSjVjiJ 5u»jMJl 
J J I nVl ^j-0 JLJJf '(J^) iri J ^ Js mm ao3 (J ^\j^]\ »^j ^11 Llllj^J f*k* • a ^jj 

.^U^JjVl L^J (jj£3 o' '* «"'^j <^ t-^.1 .>>"ll 4jUr JU£. Ld^l^ ^j^UI 
4.J-&I (^yicj Sjj^o^a (j:j^>-^l CjL>>1 j~i -w^f 1j lZjLqjjJVI ^JLA f .1 " > ^jj^'t ^Ij 
l-3jj_j»JI <j^ CjljL-iLtt 4j>1j ^ j "j <? U_>jJ t>*Jj V < rtj < . J I 1 « "t m.VI 
SL^J LoLoj 4-JLiLLa-A 4 V i ii *i w < <r>j L^jjVj ^1 4_»L>JI r'll -*o cr-^^ 4j^UjJ1 

iL-acLua-jJl 4 j li r Ju£. Lajj->.j m^jJj-usJI oLcj^jVI ^jub ^j? ajLlII ^j^aj 
«uua3j 4 n "w jjp- m^J JS ^LLlcLj f*j-AJ 1 o a t^-^Lj-olj ^n j flj3 Ol jlo ii j*3-Sj 
(jjJLxii^. G (r-) Jl dJLcLill j\ (_£lj^>Jl Jl^Ij ^LLo ^ j* A .4_j-ojLj U 4 . r i.LllI 

I4I G (^) Jl j (*J>Ji ^ C ((j-«) ^ "' 0*^ .jm^TlTI 4_*3 ^^ CjLLuj^j (Ji>^ 
^^b ajj 3jU^> JS *nJJ • .• j^>-l (^aL-i- (*JJj( 4j tLa-ijJlj ii nl" V j— ^1 C^i^' 
4-4 IS (JpwsJJII jjJLlo jj-4 p j^uJ ■ 1 .tj VI LojJij j j >U4A£. uJaJLjj ^£.IjJJ |J^uLU 

.4JJI tjbt^u |cju t 4iJ! 
^iiAJ (jl VI ( 4_j_AlJlll 42jJIj (^JLjlJI u ^.^4."tl 1 jub J£ ^^o f^J^' cr^J 
(_-rAj t4^wj J-<i-^i Lr^- L^ J^^Jll LflLg * 1 a! j nil ^^-3 LJLoj>-I J ni n't CjLojj-ijI 

■to ■ *• 

lj m'rf Jifc.JU L)Li_^l ^43 . 1 (j-'i 4 ^^1^0 ^j t\ 1 L^JjJ3 (3^3 < . 1 j 1 nil QJ&^ lln^ 



^•^1 



>oj^l j^^J^ 



kajr^JAII 



t-ZjJ-i-ujlj 4jLoVI i " i t j uo JL£ tJ^J djjjj (_y-^ *4-I I j miLLq (j-<^-J (jl£>« ^jJJ Lo 

Lq LJLL LL& S^Lkllj 5j^1d LLa ilSLUIj tiK,^ djjL^ia *«Ujbt j±il j^Vl 

'O^J-* (jJl *JJ^ lS- 1 ^ J^ U^ £^ 

4 iUc *L£l - J i'IhiTI IjlA tjl I tolr IjJ oLxj)JVI dJu^j (j^jj »_3j_j-u Lut V] 



^^ p^ «*-"■" *j aS ^ JjqI^C ulll i A q) ^1 SjLlVl (jj« ^-^J '^J^ l?"^^* ^J M»f* 
4_j_4-A»I ' ^j"*j • Lfcj~ua_>. JH_3e_A I -LA (V^J ' d c 1 i <a " 1 1 jl ■*■ ■ " 2-J 1 4—i iLa-C j- j ■ " 

*J ^ 4^jL^jJI 4-aBaIlUl (jj^o 1 ^j i C j . <— >J3^ ^> *— 3jH <tB 4j.Um -sJl L^L>JI ^J9 

LlJ9^_c LLojLa 4-^^l£. {jA JaV (^Id^JL! LlAj iLjjIjJ Loj-ja o^d ^J 'L* ^^** 

0' *! 'O^ ' " ' . ' J ' ^J cH 'J J C-K 3 ^-* 3 *— * * ' 4 111 a >• Ljj^Jlj J->>JJ 4j) J-jj 

Ja^Jg (^P'jJ (J^H 9 ' * ^jJaLUl OLlx->J! 4j3^_»_4 £y& jl I j A q 1 1 aJ cLoIaJI 



4_jjIj^JI ( ^d)^_a jI (jjQ J J CT^ 1 * ^J 1 * " ^ Lr^ ^-P^JJ^' t ~ J ' ° inljJi <"r n. Ii *r "1 1 ni 



^ j c 1 y~ x J* 1 o L_ *-« jj—j-iJ I (JULa ***" '"JtJ j 0"* ^ 'j * a p^' (*Lv V" ml 

.-.I ,..j^ rf *\\j Adenoviruses 4jjjl^JI oLl^j^ j nil *JJJLSjRetroviruses 
4jw>L1 jIjJLI (jrt^JL j ;" ^ 1 1 ^ Jc -»"t l^tj cy ^jjtj Lentiviruses 4j ....ull 



^•^1 



^°j^' jj^^^^° 



•* * • Km ■# *• * ■» 




^j^Jl J] <IL±o| jl^JLl ^1 



xJUJLI jr^jJLj Ja^ J^J jj^j^aII 




^jj^alt 4jjIjjJI SjUI 






^uj p i '■ 5 u (jLj ' fl * A _^jfc p "■ 5 Ij 4_jj_>JI p ■ " a u I n *j >-^ .4. 



7t mi j c_3^_(_u tj^>Jl IJl-A < ^j-u J^— i_oU 4_j_iIjjJI 2oLll ^j-^ '^L^- 5 ^ 7*-* """ L^^'J 
JU^C.1 . 4_Lo StjIUtl S A jUjtt (^jjj ^_3jj^ ^jJLjJLjj i4-A?JI JS-l-5 t-d^-L-^u^ 

o^jlh^ J^° jf Tropism ebtijVLj tijju 4_u^Lx Lr l^ 1 .\il ^^i^LJI 

Jj j in (^j-lc Lll^ IJLiS il-Aj^^c. jj^J t j_a Lj^L>J! ^j^a U£-«-^ £>J 4_)LucdI >-*-> 

.Urt'^ ju£JI b!vLi- 4jLt-ol ^ ^j^.^^-w ^itj I 'v fl« t >LL»j 4 jKTi jt <.ln!l 



^•^1 



^°J^' JJ^^^^° 



ikjcijurkiiiui 

jt JjUJI 4ul±> JJJj S*L&J or^Jl J*fi. 4j^ud ^1 ^L^L IjLA ^j^Vl 

Liposomes wU>^jjulh-Y 




.^^^^aji 



^JUil j*>JI 



^^aj^Xl JLu^^]4JL>jj Jl^ll jry^bfj-^JJl Jj^>u jruo ( H ) JSL^U! 



Cell Therapy Lj^i-t 

^oJl 4-jlULs J iii ^ 1 i ^ K*i jjl Jjl^>* t*iaj_i-uj (Jj^ 0-* **"* rt U^J^ ^ "w 4 null ^jjl 
<j-^J *^-^*J ilj * **■"_* t j^a <uVa {j-u-jJ AjJJ (Jj-uj3 <j' udJaJ 4-L-i_«j j^^j * 1 fl o (j n J 

Fibroblasts jUII L^U. j! Lymphocytes <jj\ k^Al\ LiLiJI Ju t 4j^Jl 
Sjjj^ LMi- i;.Ur tj '~-i -- gjlj ^ t "^U (Ji-l-i ^ : i j Ha U iji-^JLj <Lo->JL1 L5L>JI 



^•^1 



>oj^l j^^^J^- 



• * • KB & ** • ** 






Genetically Modified stem cells l^^^ojatSL^^i^ubji- 1 

Lt3 < b n "fcJ Lj'jJ L^JjULJ aj *4_iCJL>Ji U^L>JI Jl>-1_> (_£j_ui ^jJajjJU jj-A 

I«j nj^jjil y ■ ^ (jJI 4JUol jljJLl u5-*il 4laL>JI cjI -jj^ n Luljj ^JljJJ 



^J jJLtJLI urj^JI Jh^jj (jrfi LJ*'jJ ^-^1 L>L>JI a! j V'.nl ^ijJa jja'u 

tJ .-. Ul <ya jj^i UjlUI L>UJ! Jib yjl o^» JLM 2l_1^ o» - 
jlc.Li.uj L*£ *4_JiJ! ^jJJ t>^>iJI J$»o J - "« jl rL>J 4-uljj ^jU c J ^ ■ -j I jlaj 

, LAj_i£. <jj.a Jjo -UVa tjr^ji ilaJLi.! ^1 L>L>JI j\ u^\ ^ 
jry>Jl L^J ^^1 L^L>JI tf JLA Jj^*J LiUjj *Ljj1jj L^LjJl 4_?e_^J 4jj ^ < n - 
Ly 3 ASLst-llJ jl *4jj3 l-j^jJLI (j^w^LaJI t>uj^jJI ^j^ 4_j^L^ CjIj <& gJili *^JUI 
jLu 1 a lo>. ?-^IaJI 4ji£.La 3juj (^JLlJLj t7cJL»JLl ^u_jjjJ1 ^"^! \SS' ' " A J tJ kJJlj0 

pUa-cL olJj aIjj tLytiloJi tyi ■■■ >■ 5jj-jt-d cjIj j la (^i^Therapeutic agent 
V jl Jo tj Therapeutic transgene J>-5iLI r>L»Jl Jy>- J*-=** 5 : :* A *±*>f 



^•^1 



2^jl\ jj^> ^XX* 



laJI'kaii 



*UaJb e^Ulf ^ 4NC'MJf LUti I (tt Miril tail. 

iSelf- renewing i ^ ... aj jujujo ^^ 4_iL>J1 oju* Sjjla *(jr^*JJ JJaU *Lc>£ 

«CI I » Ui X uJ\ ^^ull J3-*Ji {J&j—a J-*-jo (jlalj-jal ?ri^— ^ (^ l—tiajl Qa.l V" i nl 

j-^^>- o^j^ LiUjL^ * "^ severe combined immunodeficiency disease 
Fabry disease^^jUa j^j* iFanconi anemia ^iJ^LaJI L-^lj Gaucher's 
Leukocyte adhesion »1 -^ j Jl j»jdl ol^LJ ^1 ^ ilVi rmiTI llL!jl_£j 
^a jl^Ij jr^ ^ Jli. ^ jili 4JLLJI ^Ij^aVl ^-».>j < deficiency (LAD) 

.HIV-l ,juVI 



taibbftJU eUdt ^ ^ cfJI *l**t ^'Mjf LUaJI ,»Ai 

iNj'fc ^yJJ LT^JI J-SU f^J L^O-UD^J 4_LCJL>J| L}L>Jl fljJI * l<*-> A J Vl 1 n" 



Hematopoietic stem cell (HSC) ^ art UMija*! ^Uja-^JL^Jt^-^Jt-i 

(-J3 j—^_>u j<&-3 -j - «jj 4 1^ j - oJ ^gj »j <LjL>J1 dJUb ^ -^.M A» "1 , ,.1 ^jLJ3 t4 jl-v- 
J^ >u ^jl J aj 4_La CjJ->1 ^Jl!< jj-oujJLi ^Jj 4_j_jLi Sj^o jLxj aj ^ i 1 4ill 



^•^1 



>oj^l J^^^J^- 



Cil'i J? IL gUaJI 9 6^cSa)I UliaJI 

4 nil V a J^l>« ^ jljn"< < ..VI (^ SjJlUI L^jjJ ^ jdJ 4uViU 4_oC JL>JI Lj^UJI _V 

L^LuJaAJ ^ybj Homing 3jjjJI ^ 4^£jJL c-Sjjj 4jjudL>. llUIoj L$jf VI - Lm^JI <jjo 
iLymph Nodes SL^mi! lSjJIj JLtLJIj ju£JI£ f i ua^l ^Aju 4JL fu fLk*JI 

Lgj Lo r*^Lc_5 * 1 JuJlso cl inrVl a JUfc ^j J^jus^U ajLU.4 4-uajj3 UjjJ ojSLj ^LjJIjj 

. Metabolic errors L >iuVl <ya JUJI cjVU (^iajj ju£II ^Ij-af J£* .Jl±> i>» 

Myoblast Muscle - forming G^t^^ib!^wUi^»a^^»b3Lyi-w 

■stem cell 

e^v . ^ all aiiUI 4u£. jl>JI L>UJI juj . iLQjfcVl ^a SLuliJI ^ujJLI ^ ^jbj 
>«Jj LiU^j.^"^ jlu^JI J^b ^11 4^JLdl CjLL^U Jil£ *.i V, „mj Jjuu 

4 A \>\ tTI u-flLJVl «_* jL>ijVI ^jle. t^yLb * II g-j mill ^fl £j)3 1 <wj "w (L$3jJL_flj 
.4jJ3 tVin^ MjjJI ^linttl g-j i.i'ill ^ (jif^Jlj rl^LaVI ^^k. L^JjJLS IJl£j i^La-pJI 
^jLfl t 4-J-j ua-C L5L>*j l^LjJIj 4j^-4J 4 j r jLj ^jJuu (jiua tJI *■ j ■■■'" IjLA q\ 1-4-iJ 

oM-l^aU iijSJLI 4_uijl>JI LOUJUa diljj 3 :; .>.,H L>UJI Ji dllj£ 3 4j^jJ! 
^Ij^Ij ^Muscle dystrophy ^i .n til JiL>JI : Jix Sjj".*? Ll^Ij-^1 jJLu cij-«, 
j>jJI (Neurodegenerative diseases w ; ua >JI J^L^V! ^Ij-^l Ji-« ti>->.l 
I j ^ /tVij ,^ji U^ ...tij .Inherited hormone deficiencies ^jl)>^' cH>^>^' 

Neural stem cells ^Uu^aJiSu^JL^tLj^bJt.^ 

(Gliomas 4 j 7\*jJ\ LMiJI (jLLsj^l- u o mm p^j ^^xVLj * jJLI jlls 
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all 



4-l£.Ju>JI L}LiJl JjJUj ^ l>&*3 urtJL^LJI ijl VI .4j 4_La : t>m 4o jl.ntl 

Lr^i fJJ^ J J * "' J a t,t mi "Ol r-jL>. jj^a ^ lr>tj aLl-u j j f *lj_i *-<o ■ t 3c *m 

2 ■ ■""* r I d-*fu Tt-jLlJ i2< La£ LB 4 Lul )a 4jjL*-U 4 i ■ ua aJi 4jlCJLtn1I L^L^JI 

Bone- forming stem cell (Osteoblast) ^U^tb^^^t^^SLaVt.j 

ji ^LLiaJI ^ rj>^ t>« j-ajJI 4 rtl'f L« ^>Lu3y tjrjJL^LJl oV^L^-jo ^ 

\t\\ >) *LjjIjj aII^JI L^LtJ 4 t'n nil 4_£.J_>JI 4 jl^fl Jj.t t"j Ij_al2 ijj) mi^ 
^J9 4-wjJU^II Lj^L^JI 6jufc Ij^ljudj aj i^LkajJi j) o il J-BLstf* J-4JU Ujjj^j Ttjjj 

Cj-L>Oi j J ■"■ JUMJ .*JUJLJ>J1 aLLuJ! L_J^ij>. 3—4-1 ^2-lc- ' C i -J ^^L>. Jb_i_uJ 

Sjujl*. LoLtrc jl I j j -»Ja *jLfl (^ 4jj^"iU 3jujl->JI 2 xa la*JI L^L>JI *jl-a 

r> - ii \ • ^ - 



;*2*Jf J_f *MJL e*Jf ^ 4«*iiaJ? 4_L*lf fifMMil 

JL^oJ j^o a ^jj A j L.E (Shields jjlL — ^j-SUj T* • * *\ > II ^ 
(>u>JLj 4-UjJLI j Luljj ^JjLiilj Retroviruses 4-ix.L>ujVI oL^j^-uiJI 

^j^JI J^>JI p Uj j^ oli.1 ^1 4^c jl^JI L^UkJI ^Jl _ ^JLaII 

4ljla iiJL LiU. ^ ^Ij *SjVjJI cAjjl^ JULV ^j^JI J^JI pLqj 

J ■ <a a j ^j "Jl^ j-aJ 1 (jl ^1^ (J^ *- jQ ^ 4 ^ J 'J 'T^ u!M-i*JLj 4_JjL2JLlj ^1 . ..^ tVI 

5UL12 jt SjjL. 4JJLJI ^ r i m^ VI S>^A£ ^LlI^JI 4 .Xitl U>UJI 

^ I \ ^p. * . .. I ^Jg j, j<C fl *i f I ^^yjj £jJj^\ ^/C_3h.Lj <"it*^J ^_jLUlJI ^jub ^t ... ^Wt 

^IjjJI JiiJI r>Lc ^ cry^JI i>° 5Jj_xUl 4 j r jl^JI LM_iJI ^jufc 
.^"^'"^SjV^JI J^ ti? i( ^jJI t>f^ 4j£1I Lj>LkJI ^ -i^^^JLI 
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- " r '*.:?"j gUallj ii^elsJI UlaJI 

Marina Cavazzana LjI^LlS LLjjLo SjjJL^jJI .-.;<«* Y- • ■ j»L»JI ^ _ 

^pX-LULI j>jJI o^ji ^* "~>U ^jl.nH o^-Jl JL*°i l>° *L-^jJ3 ^ -calvo 

X-linked sever combined ^^j u n.'.-sU cr i j i^JL da /ijJLI jl >JI 

<1a gu Ujo ijj^jJLL (jruiLua.4 jrdilaJ pktll ^^ ^J immunodeficiency 

4jl»Luo! 4 -^ j"" c^J^ -^ (j^jLuaJli (jilfljajl JL>.1 ^jl VI CjI • -Jj J^^J ^JjJ '^ 

4j_SjJu>JU 4 -r n't j^JJ iC^jjLv ^,111 4-*-ul£liVi i>jufc u^aJI lj-t J^J ItJ^J^L* 
i^j^aJl Jx>J! <>a 4JlILJI 4-lC Jl>J1 4-JjJI ^ t^jlj^Jl *^aLJj_Jl ^ 4jjiaAl1 

i^jlU 4JoSUI ait SUU. SLiJUl 4_^ J^>JI iaLkJI ^Ijl^J ^ .'K.'i.j ^y.fl 

i'<«l infill jJ ^j^j^- ^£>^ ^-^ l^i>-l-i ^ 'J7*TI nlull (jri^ JoLijkJI jl 4jj1j q" i nVl 
BjJUaJI I jj.tl'A 4_l1j-L>J1 4j£.JL>JI Lj^L>JI Lai )4_t-aj-aitIU L^L>- ^1 l-sJjLoj jl 
gjill tJ-A L^-j-3 La (jit StXttl >J[| ^^ ^ ■■■^\ c*3^]l ^^ i4jjlj^aJL-L^VI l^ 

5(>aJ>JU 5Ll>. 4jI^ (j^J -uVl ^jJj J^iUl (jr 1 ^' 
I JLAj (4J£~Li-uj ^1 w. ^"iVl BjjlJ L4JI ^yic i4JlILJI 4_icJu>Jl Lj^L>JI jj* "" _ 
' ^" *J 4 .' Lt^' i/?-jL&ll (jrt-^JL} 4JL4->JLi 4^_>u^JU Cj Li-u jjj-o^j Ij l^TuLuol ^j^a ^J15j 

Lj^uji ^ LaU: jjsi>ij 1 jukj . ui ... a'li >isvi l>uji 4jL^>i ^j j^ 

(2r^«Jl ij^° 4_^l^ 4j <t^ L^j 3j-A^ Ij^L>. (j-LaJU *_flijj^j ^jJIjJLjj it j\j>Jlj jjx->m 

«lLj5 (jjs cry^JJ ^^.^Jl Jx^Jl >j (>a 5 : : :'r n 5 ■ : *' 1 r n LMJkJI ^1 U*JI 

Cjj-j^j 4ljuj-u* CJ-ilS 4-*_>«j^JLI Lljl-mju j nTL 1^'jLuj] ^jl I^JLjkj 4**ij^v. « J^a-^Jl 
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toenail &±LaJ I 

LM jJI <jl (jjl ljufc ^ t.j ...II I j t ^jlj . 5 jVjJI <.*-.j I -v J-ilaJ (Jj lJI 

ijc 4_jl*ji SjjLiii UJ sjV^ji Jx2 orU^u lij-uJi Jjj»ji *j &* a :^ ;t r n 

.cjIm^IL £>U]I <ys 4JJUI f ail a'iAUl iatJL^JI LiUJI (iLtV, ,J _ 
Gene Silence ury>JI *""> ^° w ^ ■-" 4 K >i <i 1 L^-Ljjio ^ ^ . iU.^" t ji« ^j 
j-m aJlSj j^ 4il ctc^ <iiJLI1 4^ijl»JI 4-lUJ! LillU ^Ijyi (*j»-,L7»ll J±>b 

A£, % i i i"iH » j tVi i ■■ > Vj tciiijJu (j I sjJLdl (>adJ £jJLj*j 4JJLJI 4 A<]\ 



4-i^.j^Ji L>L>J1 ^ L-dul J^->» -^ 4 K Mill ^jla <j? 'jt>^ cry^L^I u^V 
jj^wjj -j a$l±Ul *Li» 4 jUr ^ ^jjl fu}J>y\ >*j tTelomerase jlj^jlj'ifl 

^1 ... ^'iVI j^l^ 4_j-ljJj>JI 4-x£.Ju>Ji 4-jJSJi SjJL^ j-lm j^ Ijufcj iLfljJ a! mi niVI 

4jx.jl>JI 2uLiJ| Lol .LaLftj JLc L^j (*J>jyi ljub JoLlJ ^j" r n g tj) jj i^LdJlj 

_ (jjlj^JI (jr Jjj^>Jt ^^*i i ii U (j^- - LlJli^ ju«jJI JjJaj L ^aJ^JL jl ^j^V i"il lJ^£-J 
^yjfcj i4 j adu^i ^^ 4jLc 4 j nolifcj j j o "m 4 jni^li 4_j_cJu>Ji L^L^JI - 

4 jrji-*JI 4j-cjl>JI 4jl^U 3jjl5-4 jj^aj *Pluripotency cjIjjloJI SjJaj 4j i^U. 

jl Jxj (ji jij^ tj-x iL^la (JLiljJLaJ L*jIj *\ in ni jIj L^ < mil JUJL>o ^yl^- ItfJjJ^ 
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jO <>* 4^JL>Ji 2LiliJl ^ Lbjfj *4ilLll 4_lcJl>JI 4oLki1 ^3s ^1>S V Sjall 

^j^JL) 1 ^ L ^ ^"t 4_jJ_4_c. * ■ ' -I b V I j A j .dllj J-Lc ' jx2lj aj 1 fl i •■ ^** ^j^a dUJu 
j^C. I J-Aj iMjftlo fJJLj ^jJ 4JL>JI tfJUfc ^ U*^' O*- J J .'•"'N (j! M '£-JL-*H 

.^ji* c^j J^V I U >Vi MxLc L^a u*^' *L*j e>J! U^ 3 

^5 1 j "■ j i u J I fl"l j *'" ml (jSLcu 4_xI^L>JI f- JL->Jl L^L>- (jl ;J J " ^ 1 * ^-5o - 

. Lulj 4_^L I ajlr 4-LaJaUJLI^ l$JU Lj}L>JI cjV}Llu ^ jujl*J1 J-a-cj ( jji>JLI 

6j £3 jKiJi ,f jj] ai^U I 4-ULO^JI 4_JiJ! Jla .4JJLJI 4u£.^JI Lj}UJI ut 
.^LjJI O^aJI ^ J^Vl ^J^ 4L^a= j - * j pJJLl ^ <^Li L^J-c 4j^JaL»d1 
J^J fjA 4JlILJ1 4j_ejL>JI 5Lii>Ji ^jic ^Lol^lVI aJLC ujL-^J AJtl j m «j ijLAj 

ibSLN L>Li. ^J cdjLj jl*; cJU .4JJLJI ^cJ^J! LMSJ1 ^ Jj.^-Jl 

^^ 1T1JM mil ^3 L^L>JI ^JUh ^HM /CJ tJ-JjJl^ LgJ ^y .'* >""' C?^^ L^L>JI {jJZ 

mm m * m 

L>L^JI L»t .5 jMi^tl i-^cJ^JI LM^JI ^ J»n V» ciUJjj t j j"i ^JLI 
L^UJI <>a Sjl^Ij 2UJL 4_ii^ jl^>S <l>I Luk. Lo£js .4JJLJI 4,f,i ■*.»! 

4 jIVj « f -i 4_jl^ cJlJI ^ ^JJ ^ ^ J^ ^ jOlSuJI ^ ^ ^jdJ 2u^l 

4_l1^J ilj^LkJl jjjj JjL^JI a£J1 IJlA jro jj^a I j mh'i I ^j lr Jj in -nII 4j^j i^s 

.4j}» 4JJUI 4_i£:Ju>JI L>UJI f IjLitLJ ^ 
Lujljij JjUuij < fc i^r "mn ^jl ^>\ 4J L^JLj 4 j m 1 ^ 1 1 4 jr , \y)\ u^L>Jl j j o**n _ 
tiJJj Jjlj AjLsto-t-uJ aj iSj^Bjj _ 4JJL ^t _ 4 m 1 n Vi 4 L^L>> ^Jl ^jI o" (jj^* 
JL^ ^ La '^ jc "M 4-jJLJI Ij>Lj>JI « JUb jjf jJl2 jJj .CjLlt_>Jlj r^L»JI (_yi 
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4_aJL-olIl 2LjJL__JI 1^* a __£■ Lanza Ijj^/ C tj^jij j^__>Jlll j£o (Sj^. . L*U_ 
j^y-J- 1 ' jl (ji_»_j_i l-jIb _^~ 3te j II 4JLjJ_j 4_1 j-£- \J "" J ' "J '" '"^ * *L**3^ 4 jWU 

OVIj . _>_-*! I ,-1^-1 j^laJI _-!! U^L^-jb ^LJI 2LUJI ^0^ 3_>Lcl o^ 
Kevin E.(jr\_to_C u^*e! * J L___> j j^j--> lt- 1 uA^ <3±>- u^^ Y * • o aLc <___ 
4_iLx (jl ^Somatic cell reprogramming 4jjlL>. 4 jl^. i^t^^j 3_L__j ^ 

l ^j m J ) ^\ * j*j*. ^ 4_j_cJU>- 4 jlj- ^jJJ 4_jJ.il>- 4-x_wJL->. - j!>» 4J___ij1jj t4__Jlj 

(jjl Somatic nuclear transfer 4_J_!Lj 4 jlv Sl^j J__j <j1 1 n £ .3jljjl_>. 
J^IjII _-JJ 3JLILJI ILJi-lJ t^lji-l ^>JI -Let <4_-_^l fj^LjJL^ 

4_5e-Jti]l C-Q.I U3 __j_4_J^ cjL] *-« 1_lJj__U <--jL_- l—fl IjUAj *t?AjM' ~ J 'J*T 

j-j-j_»JLI ^__ 4_±e J_>JI 4 jM*i->»ti Lj^I_>JI 4_>JL_a j! 4LoLj-4 g^-a, — " cibj-* - 
L^L_»J1 ^JL_ 4__-iljjJ 3jl "ma 4_j___j list- 4J 1 J fl * 1 1 j '- 4 JL-j_>.|j ^Jl j -w V 

- 4_4juJ->JI 4_j-_. JL>J1 4_lL>JI Cjlj^q * /*_-*l _>/» 5^_l1I 4>ju- <JJ--* J^J - L^jl *'J *»»J 

_r^>JI J-*-*- _?-* 4_>-L>o ^jljbj t ^j__ jl Ll_j^j__ (jL-t *ilj-_y tJj-Lill 4__uIjjl1j 

?tLj_J ^j " mi A 4__j_ju_- ^H* I -_Lqj Jj tJ_____ I J ft> (j"jt • Lj^L_>JI ^_J| *JL__JU 

,5LiIL_l 2L_c_u»JI L>}UJI _-_. 

— > 

(^-A L_uljJ 4Jj t U 4 J'J'7*tl 4 J C A J<\\ L-J^L_>J1 q\ -J_-i__Jb (j j (ii 1.4-4 

^1 ^j . * u-aJI _-JI 4-^LJI __L_i_*_l JSL) *. Lc^ LxU; 4_l__LUI LM->JI 

jL- cdJj «_4j .4J1JLJI 4-j__J_>Jl LMj>J! Liii-j L^_JjL_Lo JLic L4. *< Ci**yj 

- *J >l i**' * j-j ^ * j lL-Ju __j. _-lil - 4 j-oJ-hJ I 4j__ JL>JI 4_tL>J! £) I i^>J (j-4 (_JLi_b 
C-_jJI Jjjo «_4 J[j_3__j JL_ ilZjIjJ-_J1 3^__^ 4_j___L_- _>— 4 4_j »* t\T\ II 4 ae j *i i 

Li>UJI _>4 3juj__ ^l^jf (jJL- l^Liwb (^>->o Teratomas SujUoj-l- Lil_- __JJ 

^L__4 j_L_Jl j^paj-ja _yi jj-aj^-LI r-^L_. t j_« VjL_JJ i4__UI_jJI ^\ 4 ■ -> t-a-Je-jJl 1 

/ 0V hjLUj^Li 4t2- 
^_a f^Lc JSL_-j 4__JL_J! Li_sj____>. *4_j1j-_>JI 4_j__.j_>JI 4 j1»J1 a!jl3_____I 
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■-■'•■;?".• gllaJlj toenail ULaJI 



LMaJI |(lMNriU *<UtelU gfejf gUi,* l»>l»j MjJfall Jtf*filf 

*• ♦ 

Sjll^ 4Ja^a Luajlj i^^j^jjs j*±L jl L«-ujjjj3 ^l£ *ij-^ h>jbU Vector J^LII 

. LMkJI ^i J^JI Jl. jt JLiol 4oUju 4*1^ 
.4^}Lc jljll cjLuall ^jih'iII ^JJ (jM-kJI (jt^^^ 1 g^ill 4^>> L*Uj£j 

Ls_Jo 4_J3 ^^"11 IjlSj *4Jjudl 4 j c *> »J1 5 jt^tl ^Therapeutic agent 
.gJLJI u^>JL. 4.1^,11 4-ui^JI LMitU ju^>J1 4^jL2* JL. cJi-JI -0 



^^ ^ 1 rfj * 1 1 JU3CJ 1-4 £-aj ijjLtf^JI (j^-J 4-^J— ftJLl (J^- (-JJfjjLJl A^J^C-J 41l^I^_A 

^3 4-t*aLi* tijUtjVl jjlaj <Jj-*J (_P-H J^LHI JigJ 4juvUJI Jij1>JI Ijjuiaj Jo* 

. .5>*ai 4^ju»ji l>uji jl^ 

iljIji LkUI bJJb ^AJ 

>«j 4jjjJo CjIjJIAJ j -lj »i 1 1 ^A »LS Jl (jric- SjJuUI >^tCj CjljJLdJI 4jJj>1^t a _ 
J!L4J_5 4JJLJ1 4j_cJl>JI L^L>JI j^ 4 4 < .i (j^J ' 4 -^ faga ^-"' a L^L>- ^J 3^^-*^' 

tiJJj Lupj i^> ^. t4oJ>ljjJI ^j^lj^a^?! r^-£- <jt^ L^oli 1 V" ml aLs! La^Lcj Ljjljhj 

4jLi^j ^yic t^JUJLI (>u>JLj 4 1 >JL 1 4_j£.L>ojV! CjL-uj^-loJI 5jJ_i« r k - jLC - 
4. .I.^M Jl^ t Ja^l^l f l ... a Vl ^ 4loL^ 3jJl2 I^jjJ ^^ ^Ul lm^ji 

jl HIV 4 1 ... "<<U 4_£.LUI a ^rt\ ^jj j a 1 ^ loj Lentiviruses 4 j ,,,,> til 
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aJI 



^j A^jio L^Ji VI Adeno- associated viruses jjiD 4_p*l mil oLaj^aJI 

yi 1 J ■ - *** 4jlJL]1 4-lCJu>JI LMiJI <j! ^j I jufc £->*jJ J^J « Juu L^L>u <". m 

oJ-A (jf jj^IjJI o^o jl .4J1 i^jirj 4hiVij ir 4jLx <y3 (jj£j icLuVl tilt 

(^JJI - ^ylj^JI 1 j gjfllls <L±Lx l^n.nT) V (Jl jJj V 4jli* tSL^. L^j qjuJ 4_iL>. 

Lai tuTt \\ 1 j u .^lj LLaLuiuJ Ub^jSl jl**iV"j L^aLal 4_jli^ JS ^B <j-aJ^aJu^ iSt m 
^j-4 (j-ujJl *(jjJj-2u L4J* 4_llLa i.l t Mij J ji mil jjL%j ^j-4 <j-«jJi j*LJL» 1 ^liJa-Blj 

1 jo-fc. <jrU £jl* a jac jLril liJLLA (jjl 1 JUJL>. ^j-fl Si j -mil 4_l9 c_sJb ^>J1 jjLaeJ 
t>j>JI JL^oJ c-^lji uaj udJJUij Oj-IjJI L}L>JI VI ' -j uaj VLj iCjL-i-uJ)j-j— ill 

f jdj 4:^1 2UJUI ^uljl^jl U>UJI JU ^ ^ pJ ord^UI 0? J^u - 

L^Lu>-j L^jjjjI SjLjJ 4JLjJb J uaBlj * 1^" tjil ^yo IjJUjjj 1 ^j^ Ijjjjae-J jjl (jj-* 
ju4 _ c >iajjJLl J_tn3- (jjl <UI t^ajj -ilj-ll (>->JLj 4I4J1JLI ^Luj^-xill tf J flt 4jIJ^ 

(jl VI .(^jIj^I L^-^Lis ^3 4-Ll^. 2^^ U-1.L^I u^JLj J-«^il ^j^iJI 
Salk oUjo- j^id ^Js - 4JJU4JI J^o^dVI I J Inder Verma - \^j±* jojJ j>£-> 
-ui ^Lu^.VI ^ (iiJUl ^1) f jlU HiUI 4^jukJI SLliJI ci^ jf ^ jjl^ 

4_Ai-o JLii-a tL^j j j 4 ""> jyJI d_Uj_aJI CjIj, jqU L&JlS aj JlB IjlA ^jl 1)1 iSj^UV 
LM_^JI t j^a J— ^1 ^ cr^I Jj a= " H ^^ 1 d"j * * (jr^J Plasticity SUjjUl 
^1 4_jj9 CjUjIu (J^jJI t^j ...«H u^L>. P^j ^j_c * ^* b saj L«o ge j ■■-« y3 4 1 a ua^t-xjl 
Lr i£. L^jjJL^ (yfcj L^JjJ A <\ ft A 4 j i^L>- 1 1 It n" Luajl 1 ^U -rj JL5j * 4_Lo Cj*L>- 

ys L^JL>.jj jUu 1 a tir 3Ljj>JI 4lj,^>ij^oj j <i ill ^^ic L^jjjlbj M ^ uJu j^j->Z 

^j& < u iJ> 1-aS . 4_o-!>Lc 4^-ul \*"nl JImU 4-uLLa^uf 4_lL*w ^Jj Jjj -»"m Jiij t^^ajjJ.1 
Marina I \ljl ^< LLjjLa ^jj " <.\\\ « ijujL_JJI (^^LUI j>-*JI u^J^ r^-^ 

. L^jjJa jya Cavazzana -calvo 

4JjSUI 4jJjJl dJLA ^jajejJ c_jj^-5JI (3^^' c^ 3 T^ Jj^ ^*^ O*^ ^' 3*^£ 

■jv- u A j ( JjalS"<aj ?c_>-lj Js i"i> CjI LjJu ^^LaJl y9 1 ^^1 t-^." ...V aJlLI 
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CillxaJb >UaJla<LiclaJI bULaJI 

■* * * |> & mm * 4* 

jja UjJlI US ^jOJ 4-jtl^gi iiJLJI ijfi. jl^JI L>}UJI o' >*J ^T 

tjrU>Jl I JJb it>flJ>ll £J-^J c^ 3 £jLH9 gJ^xl^ tlry^W (JLl^ J-JJ-a3 <j! Jajj * JjS 
£)i£, ^ [ *J jjl * J k**"' • "J * Lj-aUa> 1 i j*^ xjj^jj (_^ij j_3>J U ljUj txjUJU ^j J * ' V ' 

CjUSI >-jJ! 4 t4 ul "\ »^^ ' i 11 t-ii «!*} ♦ II a CjI »■•"!! A st-iZj i2jjk_;ej /*_atll » - <-t A J 1 
xjLoJIj tJijrtUl tlri->Jl 1 O^j JajjJLI u-u£>juJi ^j^o JJ*J cr^J 4jl^H ^^5 4j>uLl!I 

.' " 3 w > SljiJl (jja 5j m.iUI jryujVlj Sim ft cjljinnll ^jj^>-\ ^ oILLa 

Qji OjLS I jj Lj^L>JI 0JL4] ^jiajjJU .IiiiV .UAlj 4x,Llll jjfc^ fG-^-AJ J^' JL^o - 
JL- idU_>Jl ^1 fj^- Juj J 1 1 (i "n <j1 t j U "1 1 n j #(_ y ji ^i (j-«fJ • 4-Lo l>^^ J"" **' J * "^ * 

Li V"i t A c-Oj-C (Ji (j^i 4jI JU_> ./ftjl (i uaLc (■ -< -±J-C- <JS 4_3»*J er^L9 ■> "'td Js 4«».J 
(JrU (*tA£ JL£j pU t4-LutjJl LjljjiU J _■*"■ u-u^x. dJLLgJ 4 L ' ^" i A UjJ^C JS ^j-ujJj 
c_jjej 4jjLa CiLa^Lc J? oljLij jl oLJS i*j jjL^ cdlj «_4j t^-jjJl Lljj JS 4jJU 
4JJLJI 4 jr j >JI L>L>JI <»juk CiJLS tjLia -(>»tjj J^UJaJ^ J^-4 lt^ f J ^ tj' 
3j-^ U ^J S3 (Jj-ifc-jJI JUC L^jLb j ^ - " d ' ^yz±j\\ {jA <wJ^| I U 1. 1 ^j^-^V 4l<i ^11 

jl j >J1 1 $*\r ' *j «"j ^j^SU liiljj (L^i 3 j j 4 4 '*•«! -t ' -^j j! cjljLiJ ^j- 4 I fl — U... 

3>^>- (J-4^*oj 4-Jl «_ <^"< M L4JI LaLqj JlSLjJ Ujll>>j ij_ujJJ 4jj^ <n> (j^aj^U ^£.111,1 
t jjjuc "Ijjj-^ ^-^- u ' J'3^ U5-^ * ' 4iiUcl ^a /j t ^"<JJ - 4XUAJ JLui>JI IJL4J j-fl-*-« 
tfJLA CJLS jjj Ul . Jjj>.jJL» 4-iJLJI 4_t£JL>Jl Lj>L>JI 0JL4] jJU iUrt'^ JUJJ£.J 

Major Histocompatability proteins 4 y ,,.'&! JbIjJIJ 5 _■ ,..t ...Vl ^jLLuj^^JI 
|j| fr IUg ^.Tl j>^*JI ^113 U^ Jj*JIj .iiJUll 2uliJI ^o^ JjJ^j J^ (MHC) 

. Lt^lj L-^ul^ ji^Sj (_flj-tu JjJl ^jlJa ;4jju 5^a J^i-JlJI cJjU 

4jV^j >ij>A Ji^ <*jiUj tt^LJI John Gearhart ojUj^ j^j*. Jj^j 

CiJLSj ,^Lc J< m. \ 4jj&HI 4Km. pit V^Lv j-xaj jl JjU (A-lSLj^jjVI juMj^-c 
' f ^Jj .' .' 4—mdL>. <— )LLi— >. SjUC jjr-i^ I j* A 't^^. JJb ^j irj (_pJlj i4 jm t"**H 

_ cjU>JI ^1 - U^J <MHC 2L*^Vl lto l^jUUI 4 .Uyj a.^-^t i 2U-U.VI 



AiC'^l 



>oj^l j^^^J^- 



jj Ij i A Vaaj^ (j^LUl jJ£ tjlJa ^lllLij t^j^Vl lLjjUVH ^j£. Ja>. J£ ^ 4 rthAfcx 

jL^>. Jlj9 jjjlialj (^^J 4 i i kLUI 4-jJjJjkJI 4j-£ -V->J1 L}L>JI l£>^ tiiijJI j3^x-lj^ 
L^Jjllj aj t( jiaj^_4ll 4 ^1 1 1 111 I 4_jij_L>Jl 4_LeJL>JI L^L>J1 tfJLA J >G aj . 4*Lc Lla 

£j *y\ Universal embryonic stem cell 4_*Lc I uuy a ± r \ y 4 jlv. ->L*jJ 

.jli l o ^ o 4£.Lill p^j jjja *-£>»> (jj-* LV° g-^*-?-^ (jU^ t^yjuOjJLl 
^iLgaill (^*J *4 j'ni>«M 4 _ i r \ -> J1 Lj^L>J| ^jja ^L SjJU aJUfc ^J 4 >^ ^^-^ *^ - 

Ifll* >■ j3l£Jlj >1 i . uii 1 V1 (_^ic SjjJ>vU j- j^ L^jjJ^j t4 i^uajtlU L^LkJI p lj-jf £-±&>- 

l^JUo] ju£. Teratomas ^^ (jLL^ ^1 J>*Ii l^t l-^-^ ^Li* ol J liU^ J£ 
L5L_>Jl ^ 4 m in je " a a ^ i" ^- * fl$jL *^L*>» j*jj >aj < Teratomas o^j— "* 

lg tj<i% CjLLl>JLi rMxll 4oLft£ JpieJ l-Sjj-ii JjJUaB t4^ miVlj 

*3d>^^ lt^ ^1-^^ LlaLal j^loj JLB 4jjuL>. J^Ltl^a ^1 ^j-fi 
'"^J .' *"' * A (jr^ < T J i'" J ^J J^ 2 * <— dj-u L^ic Lu I — " L7~^' 4->JJ til * j o -w J i4jLHJ 

d 

g,L»i>JI oLi-uLw ^ja ojISj LiSL> j *« ** L^iJbLo ^ ■ «^" u-Sj-uj t^jL>JI (jO^*-^^ 

. JLwt>Jl *\ i>ir 1 J^ (^ ^Lhf^ LilDl^af 4_i£,JL>JI 4JL>JI ^-IL»J t nj^ UjjJ cflijj^ 




^•^1 
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II 



**M yja\y»\| 4 ij^V^M 



S y .*.-, 1 _t a pX. 4—flJ jJr^J L^UL. r.g*"l Oli.LV t 1 l.t. Mil 

. l '■■ >JI 4-C.LLa ^gj) " i ii a <j^l n V tl^ oLLxL>Jl 

^j—^^-^j^i ^j-Sj^oJI CYP 17 «W 

^1 C jj^g— t j LqjJjI %-J .UtTU yrt^Ji IjLjfc .^_ /III ftJl 

4 <*!£> Oct ft < ii ljj» ^jJjUj Ol a ijr j\ \~tjj—Lj\ 



^•^1 



>oj2l jj^Ju^ 



rkjiji 



WW 

. c-tljUi^Vlj jjJJaJL /<t.t a U 3^>^1 cillj (^J o^5-*-i' ^ *< J j 1 1 

High Density Lipoprotein 4_aLiUI ^L^. ^^j^^-JI (>ajJLj -K'l;* 1 

jjj- ** Awa L^ J uj cA^'^> fc*J' (_7^ (jjJbjJI <_-m ujJj 4JLc ^ **« * j Lq^a <(HDL) 

wft 2! <"i i Tlj a ♦ 43f.\Ja£ dJJ JU < ilnn , Inn i*q i4ji , _>* «, >j>. Cja^u ( ilnll < 1 1 1 *Vi 
4JL>J1 jj-AJJLjj3 Jj_i-«VI ^^JJ Laj^ui j jIxlj 4JI J_> *JL>Jl lJufc JUC ^^Ub 

1 ^ qj Lajj 4 iS T I j j mi jjjjuj *-*jj (^jJI t^JupJU £j\ t n t VI <=Lrr \n\ 4-aLsJI 
)<U£ L-jiSil oLsl JL3 <_JJi]l ^ OjJU *>^>JI (j[ -lj tj^if 4jl^aj Juu 4jL->- 

t_tLjua^Vl (Jl^ pi i.i'iVI I Jul 3Lj__>JI jijli-j^ti tjL^ Jjb cojUalj! ^ oJLLa 

jjl (- * yy ^j-tait— il* JSJ 4 j c JU>J 1 L^L^JI j^->-t ^ ft <hj iSc-AoJl c-jj La i «a A j 
_ ^jj-jIjjJi jri> nil ^ju (jij>.j i^ n mi**i i ntilj Lj^L^J) < i \ L> ^^ 4o mu i Iriii ^ i 
Jj4-aj ^yjJI ^j->.'jl CjLu-^JIj < ilnll Oi ij \ 4-^j,,lr>J<i ^j.<a^r tfl - ^j-oit-uli ^ V 

.4j j-3jlH Ji^J^ ^jT-i^ i 'iT JU-u->JI ^ ^J>JJ 'to ^wjj ^ \ $\<ir ^ Jix 

SjLcJ juu 4JLJLI 4jIx11I *-dl3 ^1 5Lj_>JI SjLcJ ^ »l oUTI ^3 LiA j^jj 

(J7 1^. J-Aj iLlJUa JL-SJa ( m -)c " in" V I g jtl AjJI ^J_»J u^->- l>^J «1 ^ jH (*jJI 



^•^1 



>oj^l J^^^J^- 



Km. • 



f«ju S^*- l&ilr 41JII 4n1rt11 b>LkJI <j! 4_uiJL>JI 4jl^,ll *Uk. JL3.J JLi] 

L>L>JI jya L*>jii JipJaJ^ j-^jj '^i-«J o^"' 6^ U^- s-^*J ^! 'jrj^ U^- 
^j-« I j j-ic ^J-j-a-aej c_a^_MJ SjljJl_>JI L^L_>Jt alu* ■ 1 3!-*- * <J^o (J7 £J 3jujl_>J1 
cJSJI L?!>U JUj-,,,1 *UUJ1 JjUcj dUjJ .4^jl>J! 4^1 >4j^^m.!I ULjI^ 

^LlJljj <4^j-* trill 4ojl..,U Lj^UJI &a Uj-JLj Ijl-l>. J*ju ^ ^1 j! 4lJtl 
tjjj_3 ^jjo OjLS L4S t L^JLJaLc Jj "i 1 imj d "' * [£) A J MR3-^ u-tiaJI 4-Lua-C 1 j ■ " ■ ■■" 



Mttif LU* 4* UU U JA*i 4m»'mJ| iglaJf >* 

jjj 0"" ^^J 4_lX.Ju>JI 4 jl^ti 4_ljx3J 4-j-J-j^ ( j-ALliil J *^> all ^S \ imi *llj 

4— j-lLj- ^ jSJl Ou^SLil £yz ^ * j * a f"'Jpl -*3~^V9 ' **' - *" (J-* '^ *J * * 4— iMgrl— >. 

4laj-^>JLI 4-^qLjlII <* LuJl till JL^j ^jl i"tl j] A t ,, StVlj j <w 1 1 Cjlj-a_3t_Aj 

JaI^£. 4J 4.^tnV;ll Lj^^' (>* f^J lP <Lp1 *3 jr.'^tl 4_tL>Jl L4JJ ^U^i 

^1 v irtt| 4-L^c Lj>L^) Cardiomyocytes Sj^dLjJI ^JiJl Lj>L^ _ 

. [a Jul ?C_jJ3tJ 

^^kjj jil\ Ij>UJ!) Vascular Endothelial cells 2LlcjVI 2uLLij L>U. _ 

.(4j3jqJlII 4_i^jVI (jljJL>- 

o^Li ^i L^L^JI) Smooth muscle cells ^ ,„.U 4 ji,^ til L^LJJI - 
^j < r A21\ jrjL^ ^jJI gji ^ (tJiJI 4l.nr b!>U.) ^/Vl 4oikJ! 4^Lilij 



l£>-$\ 



2^jl\ jj^> ^XX* 






4l.^i til LjM^j 4^c/>U a;U.tl L}UJI) jjj^i.Vl LryijJI 4 a Joj Lot 

w "> se Jl 4-SjjJsj Beltrami A. p. ^Ij "in jj-I^jJI <jl ^jj .l-JaJI LM^ 
SLliLkxt LMi^ ^J ^jlm2 z Cardiomyocytes SjuuaUJI uJ-iJI LMi. ^1 Ijj^ 

i jMUVl ^^k. c_al^^_i£. Ijla (jSJ k-JaII 4lLbjJ 4jJlUI ^jrjjljJJI JL^I jljb-uJl 
L^L>Jl a! Ii V" i ill (Jj^-Ld ^C 4-oIuJI u^L>JI jjiaj^_aj (jr 9 j jS d j 1 1 ^L>- LtA <j^aj 

, V } <Lt£.JL>JI 



ojl*jj >»jjl (JJajj LLi$_al jlo3 i>liLfl (j^>-L^I ^jL^JJlS (tirtll 51rritT 4j,jtU 
jjb LiU j (^i*^ (ajlIL) t-J^Il 4j Juu 4jUr ^ Ischemia jj-uaiJL *-Ajjj La 

.<_*12JI 4l.>> r ^ 4 nU ;« a^ >aj Infarction »1 ,*, 1 >.VI x-Ujj 4Kn.ll 

. ,<JLiJI ^j)" < ii a (jl^- (jLi-ujVI 



juuii miui uu e)u; ^ ^M>ai 4^'mji uuftit «t ^i 

Y- M ^LjJI ^^ ^ »T1 4-ijj^j .D.Orlic ^Uj^i j>1^jlJI ^11^ ■■■* 
LUk U^ ^j . HSCs f jJLJ 2L1AUI Sue Jl^JI LMiJl ^LtV,,,,i j-U^j 

^11^*11 ^yAJ (j-« Cj^c-jJI (3d>-^ ^ dJ^ J'^t ^- - 4-tJLj ^ j C "t a> 4_iL>. (Jj^ t j_a 

i^jj .i-J-gJl L>U. ^1 ^u r jjjl ^±>Ui JL^ tf JOJ 4_1^LU1 4-i^^J! 
4jj^ajJl t^^j^/l ^ jr JLi-ij 4 i n n*i (^^J-JJ L^-La ^^Jl aL>JI jl^JLl (J^ < -^^ jJaijJij 

4J i^ tl JUJU>i tj J^L^] 4jl AC. ^"i"t, V -h. JL3 (J3^3 dJJJj^ . 5Lj^kJLj ^JLoj ^t^I 



^•^1 



>oj^l J^^^J^- 



4J-tia-jJl ^ / "VA (jf t 4 jr.'i :>JI L^LJ»J! o O-^j t-^LjlJI ^ j^j_>JLj j mi j a 
J£ jjf Li>. (^LajJLIj - 5 nj — 5 L b « ; J^L^J L4I <±jJL>- Jl4 <_AdJI (ja 4-)Lua-ll 
(jl <ilb J . ' " ^"'J * )tJ^_>J! <_iLa-c ^ aL? 5 1 1 n1 ^ lLsJLs £jJL>. I jufc 

jIjuw Jib U^ljj jt 1«'»S^ LiU jl^j ajlL! 2L1AUI 4^ Ju>JI L}LJJI 

^oJI^ 4_4_>Ji ' uLdJi u^L>. ^j^sj LgJjj*. ( j-a «_a *dL3LIuj * *j^"" 1 1 . » j La - t I t f j 5 1 1 
La J^Lj 4^j^JJU 4_l£,Ju>J! 4 j \ ^1 J 1 ^jl (jr i*-4J . JUlj t " 1 <u aJj ^JJ ^^ (Jl^ * 
La L^llLa Jj aZu gjj 4jj, nil La L^ * a ' . \J '"'"*J ,iJ J * J. u-JJiJI L^Li. 4_l£>G 

4 t<al> 4 * j 1 to cut j CjIjLJl^M olxJb q\ Luj <4_ir>L>. CjIjLuJ />-* 4J^ d-j • ■■** 

jjl! (^^jJLI DNA ^h'jjJI ^Uj^JI <jU uA7i\\ LMiJ .^^ SL^i^i V« 

t j^a JjUuj jj-sejj iCjljLiVI i f 1 1 m i. ijt'i 1 11 j 4^.jj-lJLl 4_lCJu>JI 4_lL>JI ^3 
^yJS Jo >1 Sjl—iiiVlj t4jl t"t 1 nl Jya 5jl i^Vl (_yJ9 L>a tyfi^ 4-jJj jM 4 " y a^j 
UajjLftJJ ^ 1 11 ntlj ^^Ifr 4-l^.J uO I Lj^L>J1 1$jj1 L : J-Aj I ofl a !>>°t L-^jLId 

JLw < -U^ ^ j ^ 3 t ^j A\ l<\ A\ . , l^tl ^j_^.| L^o-Ja (L-^-La L>L_i- ^1 

L^Ua tf jlLI <Llia iiJL LMi La iacj^JI L>UJ! ^' ^ ^>Ji cr^i 
JaiJa L^j j j o Ti u ^}\ 4 j i^LkJI dJLAj Sl-JaIJ 2L^JLI LMiJI ^I^Jt J^ r.Url 
Lq_^ _ ^^j .Plasticity ^jjJLI jf 4JjjdJI w ^ ■-" 4JJLJI 4_uiJ »JI LMJJI 
(jj* 2LoLU1j 4_iJLJl 4-j£,ju>JI L>L>JI SjaS _ ujL^LII I jjt ^ J^3 ^ ^>^^ 

.(t_JiJI L>U* Ua ^rAj) Jj^^ g- j ■■■ ill LMi ^ UUj 

(_^-Aj tLfc^j£.j » Ij g "h. J pi ir>j t aJ L^ii AjjJ 4 jjSJU 4_j£.JU>JI LMiJl >.U ,t j aJ 

J j Hi -' *J *AjdJ 4_L*iJil 4_i-cJL3JI LMiJI (ji (jjj jj_»j < t ij mil JaJj 

f Ljb-LjJI AjJI £j\jl!Li 4^loL>. a I . ..StVlj jjjjJJ aj A<» a Jj8ij_c j 4-i^li CjljLij 
^J] jj' 3-jj I jg^ « »u f 5ji.V *^- aj <LjuaL>. ^ * j ■ ^-* Olj 4jj1>. 4 "i j > + pl^_4^>J'j 

1_ajij_>.j ^yJJ 4Jal i/>VL ^j ;^ cjIjIjLj -I cjIjLlJ cJ-i cu ■■■! L^Jt^J j iaj L^L>. 



^•^1 



>oj^l J^^^J^- 



\'t 



j^ (^P^-J Jj ^i r'l jJ I LMitU ^jlj>H 5-aLtj.JI ^ 1 n i , ,i a J-Aj-^a 
-*J->-J-U LgJjJj^J 4_ojjj_ij ^_S-uj LaIjJ& C-tilljU q^A jV*~ '" Lgjf JUJ i4aCjL>JI 
^yl^. Laj-jJ: ^pjj 4 jlV i4_x-c j_>Jl 4_j_L>JI <jj (Jj , L$jLjj>. jj-S ajj/^LLsJL^ 
^J j_Aj ^_tlalj ^ i « \.\j -(^-A (jii_L»j ^jl ljLc \Jt>j-i-£- <j7n tj jjl Jjua-OJj} ' I fl ■ ■■ * « 
^ _ 4j>^aJ 4_1jj (jjfl jJl-S_!I I <j i «lj! aJl-U 4-l_*UJL1 4_l£, J_j>JI Ij}L>JI <jf 

La tjnSij j? jljf u "i t j II ^-ijjJaj K. A. i Jackson jj ,,.<L^ j>i^j (j£J 



(J-j-'-*' - Ov-*^ 1 .* cr^ 1 cr% ***^ 4jjXa 4^cJL>. Lj^Lv JJL 4jI j£^J a ^mJu 4_JjHI 

(Jj .Heart attack <-j : i« i^ji L$J cujlx! jls ojL£ _ 4J3L2 4jcuiV c.^j-c. <jt 

jj-o 4jL-aII jlaLUI j! Jl^j 4tt Mill ^.XA 2LluIjJLjj . */.Y"\ SLtkJI Ju^ (^yl^. cJljLa 

LM^j SjuusUJI L>L^JI Jla 5 ^ .^^-^ (^ u^L^ l^j Infarcted area v ^t< 
4_iiiJI I * j n >> LAjjuua^a ^Uj Vascular Endothelial cells 2LlcjVI 4_iLLj 

t _p3^X. ( rn^ ( JIJ^lJI I JLA ( j J & JJI jjJJ J-iLiJJ LlAj . J^^ J^ 3 f \&£. ^yij (jjo 

(.'if jj (j^Jlj j*jJJ 4LHII 4j£. JL>JI 2LL>J| uiilj Jj/1o ^ Ij^iV ^ JLaJS La L-iiJI 
5j£j3 LK^L^J I JLA (J-ojJ? )S^LtuJl ^yij ^3 t-dLiA _ < -A2JI ^£. ljL_i-j_t I J j *' 

(j;^lV 1 U > i>jj 4 m t 4 4 m> ^yj lt-^3 ^ J r ' * ?*^ 4_j1>JI 1 ^l ' ^ " ^." ^pJI oljLiiiVI 
>Uu f jdl LMV Jl ^jili liiUI \j£. jl^JI L>UJI ^.Juk ^.Uli fJ I JLJ^ JS^^yw 
jjL^w 4J ^x.IjG j -^ c 4-Lo ^Vi i"il Ijj ,v in -*JI J ^» /cjjSJI Ll!j_i-uj Jij-iu j^ 

.((^y^^Jlj j^ ifilLt el irtC VI 
4J1 i I jub j j 1 11 <i"t ^^ tjj) 1 n ^1— >■ jjj-^JlII *-ill JL^j dJuIjjl jj_1^J (Jj-^i9 
i ** r rt t 1 X^ Lj^L>. 4 j-B ("in l"> j Cx3Laj j 4 j AaJ I 4-joj VL i ' LflJi < ij «o| 1 aJu£ 
t j3* (^JJI L_)lj-jiJlj t nl'll I J-A ^jx. wjj Ju, i rr i(J[>^"' Lj^LV 4jJs ( r < n rtt j 1 ^ 



^•^1 
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CjL>.j^3 ^1 (-Zjljuil 4jj, r <n Jl*j L&j_l£, jjl 4^ji jojS (JJ^J JLiU JlJ^a iljiL>JL> 
y3 c-JJiJl ^-Aj - 4jLju^ j! ^ d-LaJ a -^>j se A ^yB ■ L" ^ fl ^j-ujJ j LLa u t4-i\ t"i ml 
JUu->Jl 4<Ud cLfcJl *-J^>- (^Jj AjJt Jd>^ L^ tj^n U^J - <JLtkJ' *JUfc 

LM^ j^Jl 4-i^jl^J1 SLiUJI >jU_l, 4-^UJi oLLl^JI o' j^' ^-h^.i jt 
jLu j^c l^JJ 3tj s:t,l ,-ilM :-. ...VI ciiLJj oljLiVI ljUiJ ', -r" ■ -" i^JS 

(j^JtJt (Jt mj jjja tyjUAia j*-. j 1" . ,.M ^Ljx.1 a ^^ . „ a ^ \ ^ ^jLj *4ja a.tM 

^Smooth Muscle lJLUI bM_i. * j « -^ ^1 ^j-^ ^ i_iL_^aJLI ^j ^Jl 

Uf 

L>L_iJl Jjt-^o ^^U* (cii Cardiomyocytes ^vascular endothelial cells 

... 4_Lo Jla£| Lsj 4_tB L-dlj \ if a J ' '& J C J e-JLiaJi ^j-^ 4^JLU1j <CjJLI 

^U2uJI ^ Jib (^Jbj ^jlU 41AU 1 5Lui Ju>JI L>UJ! >-jU^ ^ IjU Ul 

^J l^jl ^j _ Ji2 ^ ij>*il L*^ - 4 Itm i ii) AjL^VLfl >JlU 4Jji^ L^L^ ^1 

JSLxLjj . Ij^U^ ^Jj 4j>»L>. i^£ ajJI (j| Jj s~ i"tt <1 >" ...I j| cjIjL^ji ^1 Jj SZt ■■■"* 
. I^JLoij ^ J£ Lr Jaju i4J^SJl 4j£. ju>J1 iJL>J1 Jjl! S *-iiijJy j>» j»Lc 

^1) aJlU 5iniiU 5uc JL>JI 4_JSJ1 OjI£ 1 jl : J!J-l^ jjLpJ jLfl 4J( JUJ 

Jjtij V liU& >«.ilatl Lj!>U- (jJ! 3jUu ^ «,.latl 4l,^r ^ 2LiJbll asu-.ti 

^jdJ 4 5 t H JLi ^CJL^JI L^UJI JJLC jl ^ 4jLw)flj .^Luall jLiJI ^1 
Jj^o 4_tL>. cJJ? ^ „ \ ' J^ ^ys dJL^Ij 4 jlV Juw^j JLiXI Jj ■ ■ .. ^It'^ * JflS 

l^'njhj ^Ij * JL^>JI J£ Sjj^^l 4iJLJ1 4_L£.Ju>Jt L>UJ1 ^1 ^^y 
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'k .j.vt>Mx .1^11 



4_jl>. Cj^js ^j] ij j * j <^iZL« <_JJL)I Lj^wnJ /—jij^JI tc^LJ^-jJLS ,4j_}L*jI r- j ■ ■■*'*' 
>a '•' oj ?-^-lH <j^ ^ L Li 2LJL>. 3_i^j _ 2j aiJ 4j^. oiTI 4-L^.jJLI Jj^J — 41jL_2j 
(j^j^L^o .1 ha IjLA ^_£>l 1 ^ **• aljj-j (_pJlj tff J < "ilT 4 i r J-j>J 1 4_jJL>Ji 4 La ■ --'j * 

*d 1 j j a i Lljjh^J 4_j_u_aj <,"..<3j4 1 ^B Ij^LiJ I ^j-u^L-a Lg_La Cjj-4-ij 4 ^Ljl4 t-.^-LaJ 1 

jL-ijVI pLil yj» 4-.JLJ1 SLiLiJI Vj 4 : c '* ?JI 2LJiJI g-oLi^j Ja fj-u 

^" >■ jl t L^jj_4 4J^>J ^j tu3 > ^3 < . ilnTI ^^3 4_Jl!LjJi u^LJnJI (jr^^Lo ^jiauj t " > 

i*c Ju>JI ^Lkil ol J^ 4jjL*JI LMitlJ ^hIjj £-*Lj>j ^JJ Vi JtiUi o*j 

CjLI ir>Vlj lJlLJI 4iL>> ^yjQ 1 j' a L^L_>JI ^j^j^— * <j-a-Jj-JU ^j-C ^ ^jj ' " A 
i JU*uatU aLjlII (^^jj-H g_^UjjJl j'^^j jj La!j 1 1 ^u^Lc £jj^ j ' ■• 1 J-A *3jbJLuJl 
. I ua-*j 4 i>> ti yix3l-lj ^r .V hi tt It >L-*J1 <^jtjjJ' g-^^jj^' jp rf\ ^ <t> L<>Sj 
l^>- jj y~**[\ ^3 i'iini n"i (j\ Julj 77JLPJI Qja Lgj tt j niill jljbol < . i aj uiUJu 
r-Llstj JL>*lj ^jLi-aJl l_J^ ^^Lc ol LLglc I jlj . L^La 5j j j $ Sj^flij LbjJ (jj^'i 

■ ^...»t l USjjV 4^JL^J1 L>UJI ur^>U ^Jl 

Lj^UJI ^ c^^i a±>*3 ^ ^^ M. F. <Pittenger j^ii, Ji^k jr^ aiJjj 

L&jU \ j jJ-jJL 1 ^_y3 4 udLx cfljij-La i.'i^j ^j i^JuLI 4j^SJI! 4_lCJU>JI 4j^_iI»_jJi 
aj " . uLoJl Lj^Lx 1 j * A j 4 i ^a i <a ^- j I , I Lj^LSJI p'j->l (j-^» JLjJLsJI w ^«"'j j^l *t"*t 
L^L>JI ^jlogi tj L^LkJl dJUA ^jl lj|JL>.j^ t4_j_jis 4-4jLi c-j! ua-4 jLJS ^_^ Lt^jL2L>. 
^5-A CxJLS' ^^-1^ 4 q V ir>"U ^i InTl Lj^L>> Cjj_^« ftJ-4J L^jI IjJuxj Lu^ t4_a]LlII 

J*9_*-^ ^j^3 j^ JLS3 L^JI LsS i4jL^iII jjjl ^ j) "< -nU L^j^Jo ^ ^j^^l 

.( 1W ) f ATiW 4linr ^ 4jMi^3 i^iimi j^l tJr^V^SJI 
^i j^v L«l^ AistJ 4ln t.4 ^^3 (-tt^LJI jS rfJLftJI (j\S \ jp3 3 Ijj --J (_>**-!] >jaf 
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OjjJu (jy*~ Jj *-jJI ^L>J1 1 Jufc ^ 4 IS njH 4 ■ .In ^-xaVl jLa t jLiJ JJ>^JI 

Ju>JI L>UJI <>* jjlc ^t <uk>Lc jtLl^-j j^j^JI «..!fl!l u' ^^M' 
c-S^JI <j\ U^ Sa^JLJI L}UJI olixi (P ^L^ *l*Lc. 3jujl^>JI l>uji 

i^JJI j— a^M n^ LaJI Lj^L^ t>o L a 11 III *j— >JI *Li_i 3_iLcl 4_jLc-C ^^3 LaL-u 

Ci-iLS c-jjl **• " II > d h (_-r^3 'j'j 5-aJI I A j > -^ * (jL-^> '"- a ' sfc "■ ml (jt^-1! >jli 
Not homogenous Lulj^ 4-c^L^Lq j^i. oLm^' ^^ Populations jjLIc. 

Ji-ifl ^^LjJLjj t4j^-ll 4_3j)^-ji^o >J-C CjjL£ Q I j \ nil ^^ r-^-La-U i*i i ft ~*> ^^jJI 
LT^! L^-^id ^ ^° '^>L»^ ^>^' 4jj^ J6 a aJlU Sb^SLo 4_uC Jl>. Lii^ J^-JU 

L^ii juu <a^JLJI a_^j^JI 4_iiSJL. jr>Uil M^j^- M-aU j; "*- a : .151 1 

d d.'^ '^'" A (jj)^"> 4JkJLj 4_lCJL>- L^L>. '" ^ litJu-ul Lja I jl L^-4-i jo QS.q > 4 1S> ■"■ A 

.4j^J|j jJU-aJLI 4^J(^JL-4 jl W-'ljJ 

4_i£,Ju>JI 4_l^aUI 4_tL^ (^ l$J3 ^>^l Jjl-mj J^>- LdLlA UjIj 4JI VI 

^^ (jjs I l^jI 5jj >j n j Adult Mesenchymal Stem Cells (MSCs) 

3jJl3 L^jjJ <"-j" ...tl ^ j'a ,4-cLHI 5 K ^ t J-tj j .*:■ r» tjJLJI aLLuJI 
tjl ^jU"<in"t L^JI La£ 4 < r> i ^ Vi 1 1 b5L>Jl 0-a JUJUlII (jjl JjLcjJI ^^ 5^oj^ 

nj;j^ o^a u ^il^r "ill ^^ J « *"< azacytidine - 5 ^o ,,n S^L* 4_al ■xUg 
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all 



^3 ^jLojJI 4^juaj 4j£.ju>Ji I «&\j-j1\ LM^ JjiaTtj . ■ 3 ' L-*laJl 4 I t>\c 
a\ -^ c U^L_>. C-JfiLdi u-tlaJl ^y& La jJua >■ 4j^->» t_ ^jf (JT ls_4J t^j^oL^Jl *jB^JU 
L^jI 1 4-£ - U"^ Jj .' ^ J^ ""- C-t_ka£.( ^j^UjS mII ^3 \ ft j * a >■ cJO-J k—JLSjI 

aj j-AJ 4 C^J -^ * (jr^-^i' .fc^ltl 4 K mi a qjs L-kj ^ill < i j mi aIj L-a r-^L_«J1 
l£ J jj-nJI Cr^ ^'^^ C 5 ^ w a "•**' "■ U ^y3 1 j *jj "-"j *J 2 '^ *— *\ JQ*V' LfeJ>ljL£.J 
4-ajLj JjtAJLj < tji^l jt 4 j 1 1^ CjLojLj 4jLuoMJ <_yjljj jl, lt"iinl 4jjJ (jnVi'i 

Human Embryonic stem cell ZULii^Ji ^u^Il^M UiU^i- Y 

4±Jag r>L-»J <y9 Sai^.JI 4jr JL>JI b>LiJI f-I^JI j^o jyliJI fj-UI ^ykj 
4jJJ*JI I j aJ>3*uuju jL» pj n^ p.! •*"*"•" (j^> Uj"^"' . J **" ** J f 4 -^ . 4jLu*JU l_J-2JI 

4_l^jl^>JI 4_iLkJ1 ^1 I^L^fl .j ,- kJLI «ya ^ 4JJLJI 4_^cj^kJI qU!! 
(jyic 1 j ^j ^'j L^>-L]i 5-jjij ^1 1 o ^- Lj^-jkJI j gfc in ^yfe (^^Ij 4_jj-ii_jJI 4_jJ_l1>J| 

iPluripotency oIjjlaJI SjJjj 4j i^L>. 1 ^.,.!j im ^-^ ^^ cjI^jx^ ^ L^jJa 

4_j_ajjjl>J1 CjI 2 j-LaJl l_AjJLjua_A (_pJlj 5 , ^ ^^'H L^LjJI f Ijji ^> j fi -w ^Utl 
t kllJI T'^LftJ La fl A IjJULO^a I j >j^ ■"■ *j frl oJtll Jajin, Ljo j-^J tihiMJJl 4_u_iJ_>Jl 

*2j^c jl 4 j J a 4jajl 4-aulj e-xlnJl 4li^t i J^tJ ^jJI 

LT irt_JI <lSj^j Itskovits - Eldor jjjlLjI j"yaj<.»~t jj^jJI ijSL*j jl^ 

4JL>.Vl ^ fl j j -■ aL^jkVI ^l 4_lIj_L>JI 4_l^.Jlj>JI (jLuuVi L^L^ Jj>Jnj (>a 

La j j ■ - ^ L7 zl\ L!vLiJI j_* pi t <! >] ^^kj ,(Ebs) Rmbryoid Bodies 
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3j_loLsJI t ' aJI u^L^J Sj j 1U I j mi-aj ol <i usljJU 4'M"i<i*> Lj^L>. _ 4 uoL>- 

^ 4-Sjpij L.Kehat Cil g : < jL*-^l c^LJI ^i ^ *Cardiomyocytes 



l_£j yr i n i 1 \ iJa\jjC z\-U ^jX. 4jjj mil oLLxj>JI ^_a 4jXjj JUjU-5t-JJ 0J " j" i 

S^SLJLI J»>ljil ^ V} 4-JSJI ^ juk^s V ^^Transcriptional factors 

^^ ^ a ual Lms 'jj l^'tij^ ^aLuJU 4 j L»Jl j<r ^^ Ja^-iiaJL) *_£3 4 jl^Jl 
JL>JL! I JLA ^ (J[>i-i ^jjni 4j^jfct 4j^ mi ill 4 j ? j 1 ^ J I 4_l£.JL>JI Lj}L>JI 

oUjVi jr!vUJ Ijl^ 4-l^Lu 4,;.;yi 4^c jl^>J! 4_A^JI Jjl^ U> UI 
^1 ,-..-, ,.t l Ji.b f L^ VI ^ 3jjL2 iiiJUl 4-l^jl^JI 2l^L^j L£UJI 

2L- jusVI 4jljLi OrO La j-4J \£ JJl C^jJ! jjlj * Jj^ ^j-a ^ij^^ L*^ i4 in ir>V"itl 
5 ^t ,^ a ^Jq ^-j I <r^lj j-A t4_L-CJ >Jl Ij^L>JI 4-C.ljjj 4_j_il2Jl 4_^ajVlj 
S^piJI S^^JI L^Lkll ^^j 4JL^ ^C^^i o^ ^U^J .iMJoVI ^ o^lA 1 

^jjlJI jt pUitiJI jt urU^jdl Ji^ t <^A21\ cjUjVL ajUo!vU 4_iLUil ^jJ 

4 j 1 u n i LLsj t i>> Q^jL«j (jjjJI jl *4-1jLjlII j^yJS j^xisj^a ^(jj ^JJ^ f*&J^ 
(jjJb \ A J a A 4 j r 1 I ^11 «JbU^L>. P'Jl) " ' "W (jj)"' "fc-LiJI ^ g t 1 n i j *5j <i*i in a 



^•^1 



>oj^l J^^^J^- 



£jUj*j (JJjJI pj^j' (jr^! J-j I <* '" l<jl* > J-A 4^>.|" ^ i La <JSj " j LaJl ^J3 4 rjt a 

.jl Ju] (3jL*-u (j,?- 5 Cy* 4-L>.Lflja 4_L=t^o CjLajV ^^Jj^lB ^y&jj£u ^jjJJl ^tla^JU 




^•^1 



^J^l JLf^^ 



12 




t\*U»ft 



(HSCs) Hematopoitic ^ oil 5"; m,;U 4_icju>JI 
J j in j tjri^ ^LUI (»l>-c JJS ob Stem Cells 



tL*Ljo J j n i j 1 flli-w tiLaj (3*1j ^La itf^Lc ^yS J^ uSL^JI ^ju 

. 4-JI rtlstJ <jjs jjjj 4_La (^j^ju »LLa^i (ji^. |» JLu Vj ^i* 1 



o^^ lt-^ Lj^->- 03-4^" 
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|-MaJI 

(♦) -^ ^^if - > 1(> |t -i i^tt 

^ * Hematopoietic Stem cells ^ jJJ 4 \ n.iU 4 j cj >J1 3 _.i^t i ^ j^j^-ti 

t JaIJ^ AjJI Lj^Lx (jiaju - (^Ij^JI <A& 4_ufcL» <jjj-±i V - 4-j-oLi* CjLLl^ tU^ 
^ 4JL*L£ 3jJl_£ L^jJl! 4_iiiJl * Ju* <j! ULiJljw VJ I>SjJlj a] t>u_xLj| jl Jljj 

l>l* LT k J u o' UJ "us Afih^u f jJi L.iUJ 4-iAaij f Vi ^^jai 3lj*ii 

IS... IIxSLaj 4jJu£ jl 4jnhr jl 4 nirtr L^Li. ^Ja^j ^t <Mia ^_-1<^ 
(jja f JlU 4 m. ill 4^c JL^JI L^LxJI ^ Sj^ll oJiA o^i^' (j>^M ffllc jj ^^ 
cJ£j jl &c I cJLIoj *4 j"ir JLc r<j a i'nj 4 j i r>r ^>^j^a\ l*J1 Jul o^>JajJ *Jj-^ 

jlS J-4J9 . jjl-111 c^jJI jya JjL t^ J^ jjiLI i^VT c*l3j JLai OjJi£j jLl^i 

jjSu J__3 i4^oJLj LMji. J-*-a J^JJ ^1^^ ifi SJljJl^k L^Lx 0ISL0L 4JI tij^ 

ftj - "■ -^ IjLA iljLStJ jjl J J "-"'J (jL£ jj^J i<xL_L>Jl Si Mill! ^js 1 ^ '/r LqLq^ ii_ii l"""** A 

)4ju^f Ij^Li- ^1 4jr 'i-*J! SjjlAJI L^L^ Jj>>»j jl i4jjj<o L^L>- c^I 

Ioa <>» jjJjVl cjIjjVI jya - 4JJUI 4^il^JI 4 jiVll ^LJI lJltmLUI J! Luuc 
t( j-ail>JI ^Jla LSjjV 4^jU <1AUI 4-ui JL^Ji S_JiJ! l d -^j qjz ^\ _ ^L^JI 
(L^-fiJj^j ^j^* I i>i *4 1 flir 1 ~ . 1 ^> aj tL^L>JI *Jaa 3j^L>- j^* 1 > j ■ C Uj*j>- clu A >t ( _ 7 lJI 

:Mi>o j^a iJLx^/1 L^aj^j j^ >LiS L^Lqc^j-^j 

Ml 

. Hematopoitic Stem Cells (HSCs) (*) 



l£>-$\ 



2^jl\ jj^> ^XX* 



jjUli V L^Jl L*£ ijyaliJLI aL-u^)V1 ^^ Sj^La^. In vitro ^^J.1 ^ya J 

.^ilJj Sc i-«mt ^j^O IjUc-i! <jVI cdLlA (jl U£ 

tL>L>JI ^ La>^- 0^* Jaii (j-iJ i^jlU 4*i MiUI 4_j_cIl^J! LMjJI 3 n 0" f 

J>LkV1 ^ jt £>La (^9 ^JllJ 4ULLII 4-u^JlaJI 4_iiiJ( ^xljLitl^l 4jjajud _T 
*ljJlj .£jj ( ,.i^Sjl i ^s^a Jj-* 4 ij i a (_^1j^ai (^-5 4-ilLlII L^L^J' ^jlSLa 

^j-jLSLIi i V ni'w ^3 4 t n i<iVifl ^^-** Lr^I J^ *~'**J f* < " S ~i aJlU 4 < JlU.1 4_i_*LJL>Jl 

.In vitro <^jL^ o-jJj In vivo ^y>JI 



^ Mo fUIl ajlU S1AHI 4^cJl>J1 2LUJL <jy~U\ Hjjlj* Jj! c^L£ 
E. A.,McCullough J^L j^jJIj J. E .Till J^ j^j ^jj 1 M * ^LJI ^ 

tjlj*j£ j*Uo£. j^^jiu L^fij ^LSj aj i#Ml>-J 4 t i^i a -5^J-l Oj-ojju (jfj-Lai ^ qJqjlII ^-illl 
^Jul p/yjjJI J-Aj v4jLuaU (jlj^udJi SL^w 1Jl2j1 (jru>. 4_." u a, i a 4_3tjjjLjl CulSa »4_-ftjluj 

aJl^jJj (jl <~if.llv«t»l i Jjl\ L^L>JI jl <j!>JI ^yic ,Uj i>>1L> La ^j Jul ^jU ts>i Ia^-U^- 

r ' L^cIjj! M0.TL) >jJI LM>. (j£5^3 JU*3j 

^Jbju (jl * j t"H i i"i IJlSj i \ q ' •• a-i JJL_>o jjl ■ jU'i i ii *i _ aJlLI 4 < *i ill 4_xCJlj>Ji 

.i^niJLl ^jJI b>U. ^1 Q*.y 
u^L>J! L^j j \ <i"m (jPJl i4-i-oLSJ1 ^JlO) (jl ^j-i-l 3j_4 tljJojj jjl {jA JuVj 
Inju^>JI ^ Li^UJI tj_£j l,nn> .USA ij^ ( ^jiJ 4llU! 4iJU! 4^1JU>JI 

l^IajtUl tf jla j^>, udJjj Jn vitro j^lkl! ^ ^1 ^4^jL^ c^^Jj t vivo 
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^iftS^Hfr iifrii 



:JL j*JlU 4LH1I 4o£.JU>JI 4aL>Jl *UU1I l-3jX. 
.f jJ! LliU £iy»t ^jgq. ^t"! JjUill (jifi. Sj^ili I4I _Y 

(^J Homing LfcjJa^a ^^Lj^a t ^UajJI ^^ij ^ ^j^JI {J ^ 3jjl£]| L$J _V 

. (J-oSaJIj 4jayajJl SjjjJl 
. ApOptOSis £jaj>A\ Oall 4jj-oL>. JLx^j ^IjjJI l^a^alJjJ ^ _ 1 

5 r u±hl\ j A ^_iJ gj-J ^J Jj ^ HI w Lc 5jj Ul 1 $J _ 

.Plasticity or Transdifferentiation 
M. C. Mackey ^l^L* j>£-> -iJ^ j£j .^Ij-^Jlj ^l.^j.ll ^jJI LMiw ^1 

ijj* JL>V <ajlJI L}L>. f-l>»f *j <i> ^Jl L}L>JI *jla jjL»jj ^j^i j xLkll ^^ 

^1^, JaBLao ^^j-*- f-J*V (3^^J (QX.LZJ ^& \ $ t j <i *w J 4 t"t (_yjJl i^^^JI £>jl£JI 

(JjQ^fc^ tl_£J 4jojJ-U L-OjUa-aJLj -*1j*H L_sL£ JAAJJ ijlj-alixjjU LMSJI 0JLA ->J^J 

(ajlU SLldiiXI 4_i£.ju>Ji 4_1>JI L-flj^jj 4-A^c J3j-»j cjMSLii ^ i-dUjb jj^J 

: I4L0 l^k. J jjua^J l 4-il or J\h^ e^^Wj 

. \g*a 4^jI mm a 4JujJbj '"■ y~ ' -l ' ^4 t ^j ' -*"*"' 
P>» L^' LiLM^ i4ril" ^sU 4jlILJ1 5U£..1l>J! LMiJi (j^a JuJ^JI Jo-^J Ll^j] -Y 



^$1 



>oj^l j^^^J^- 



p^JI u&IjaI gUcg'^gg-kaUVdaJI 



IPeripheral blood 4j^jlJI Sj^jlJI <ys 4jii. *JJi \ * * 

L^La jLiij-ul fjA\$ iL^io 4_jii. J£ *U,„ jjja Receptors 4_lLj^JI .-«m ^~ .»ti 
jjL LJajt L^j L-fljjtj^ 4oiiJI L^j L-flj^u Markers ol * , „\j£ jt oLs}Ll£ ^y^LJI 
Irving Weissman oLa)jlj j-e^j? J^5 cUUII 4j_k. J*£. L4 Ijla Ja^JL^ .^LEJi 

drVJ tfoj^JljJjn j-u-aJI 5^-iiA4 4-Jj^t t f ll*i t>V^ -^ - - a J JJ^N (j-^- SjjLoJI ij-ojJI 

L^L^j aSjjjjlII aUoaJI {Jf ju L^L>> (jijj **j^L-4jil j^ a^U 4LjuII <Llc jl>J! 4 jl^ll 

jjLa-jj <j*->. i L^jI j i _ y A I 3 u ij _ juoMJjJL 6Jj\ o'iU ^-^ - 4jl1Lj 4 j r , 1 >■ 4 jlV ^1 Jru 
jujlicj * JjJu>Jl 1 gK miJ < rth^tl L^bjj|]o ijs LaJ>_l4j 3jjJU>. (Jfj->-l CjI is ruij ^Utll 



CD8 



CD34 CD59 



CD4 




^!J>-^ 




^Liia-jj aJ 4-i Lv 



>JlU <d * ". ,^a 4-i£.JL^> 4_il>. 



UMiJi j-« £>» js j^a ou-i>ji ^aMii.1 £^a-i ( ^r) js^ji 
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iViliUI 



jlL q^3 j^v ^jlU <1AA\ 4-j-cju>J1 SuLkJI ^1 t ^T J< oJI <y3 ^jJ U£a 
juu 1 4-Lu tCD59 j CD34 JLill J j < ■ - ( _ r Lc L^La *cjI ^ mlj (J*^>»j (SjjLjJLa 

{\SLal t4 tJa ^' g a I 4Ju-o 2 SjLqj 4 iU * t4 ■ ■ ul i * 3jLu^x aLu>! «_a OU mljJi 0JlA 

Fluorescence - activated cell .UA-.tl ^pa^ljJL* LMiJl j^a SlAax jj^U ^ 
t |*UajJi ^ Lj^L^ jrtj ^ ^jJJ 41AUI 4j£.Ju>J! 4-tliJI j^ Jj <^-nJ! iSorting 

LM- >JI t j^a 5j^j_i^ Cil m^ jljO _ LjjIjJ 4.1, 1 « flj 4 oil d Lj^U>. (j no ^ _ ;»Jl11 

ol±A <jLa (f-Lt_iVI jjja 4 1 j a 4_cj_?J 1 n j 1 <i a (jiaj^ ^ jLs cy 3 4_j-CJ_>Jl 

^jJI ijLiJI I Jut SLi^ Jl^la ^JlJI L>L^ f\£\ £±4^ rtUcl 4 oL U b>UJI 
.aJlU 4_iJjua>i 2Li£,Jl>. L^Li- jjA aj_Li>. l£JJ1 ^jl J^JJ Lq^i * LaLcli (^uuj ?^^ 

tConnie Eaves jJL^L] ^j-^ qjjJL^jJI <."«« ^ M *i ^ *^ . La) j j ^"j L>UiJI 

mm 

L yo\^s* l }\ 1 l.'i a Cil n ' oljJl pj ''"""J A (jr^ ' I * .' 4_jjLLxj^jJ1 Lj-j-^jJj-S 4_a^al *yj 

jjja f^J JSLj 4^^Lc L$J o i-o-iJ cj! n t-oijji «,1a ^jlj tL^-I^Jlj 2Lj£.jj>J! LjM^JIj 

udLuA tjlj i Jj^kjJI 4jjIj JJ-C.J 2uiH>o (j,^ iSjjiw ^yl^. 4_i£. JL>JI Lj^L>J1 9 1>JI 
^^-i U-° U' Ly^ *b>L>Jl (j^a f>» 0^ >"^' Cr^ 1 -^>^ 4^jI ni " a CjI o miIj 

jjJa jl3-jj _ ajlII 4 fr ( mi ill 4_i£. Ju>JI Lj>L>JI jj_a jj-^.jll ^«^ul^II jj*j CD34 
l i^j t 4 - -^ ^uljJi Ig-Ja j>3->>» ^j^' b!>L**Jl Ijl^j ^1 irijjtl f jJI Lj^L*^ 

J^x I Jul JlSj V (jHJ-^ J>^ tjS-^ baj <i r J .4 nh V a 4j^ j i «j CjL>-jJU (j[£ ^[j 

<K g^uisjllj iSjujulJ! L>LiJI ^l_jiV 4jLiU S^^tx^ cjU>U^ oU-^I^JI 4_l^aI 

^yl^: J n j *" 3juJL-ii ^^tLa^i " ^\ £ya 4-Ag.j <J Lw ^ m -^11 jj n'll 4_j_3 (Ji-JLjj 
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pin Jm4i 3^'Mjt uuyi (t|^i 

Lj^Uw vLLii-lj 1 J L^flJ JuJlj>o ^ ^ LgjjJuLi 4 1q fl **' — a 4_L^L> a j, "A f 1 ^ ■ 1 1 

i Long Term stem cells juV < 3LbjIa ^ .Ui 3 '« ^UUIk U!>L> J 

L^jljJLfl 5jl * " '■■! * j^>" -'■" ^'j* a Jb"*^ Lr^'j 4jjLc AuajLlI ( _ r ^-> u^L_>> (jy-^3 
JUJUnj ^k* 3j.iL$ j V*'...** <_ r #3 » Jj^lo JbaV aJlU 4-IiIlIa 4_j£. JL>- 4-iL>. tuuijJ 4atjijj| 
aJlU 4_j_iiuii 4-xCJ >JI 4_iL>Jl ^£. ■ alj jfc3 (_ykj .dJjJX. jj^jU F .lU«tl ^icj L| -■ **« 

A^A£Llt Ij^J LmX.JLjJ .3jUjL£. Jjfl—* .US'q ^jjijJj I4U 5CJ ^JJi LT^^ U^^' *^P* *^ JU 

* j 5j^ aj ^uS^-aVl Yale Jjj o .aL^j Diane Krause j^lj^ <j^-> *jf&^\ cJ^ 

(ji hiqV (jjjinf (^ jijl>.LJl tkt>-V . ' 4* mi a 3jLu ajJJ 4 lAill aUoaJI ^Joj u3*L>, 
CajU4^>oj Cjj^La JLd LfcjlL>. ^^iJi {jA 4 all a 4j^J L^L>. t-dLtA (j? da2JS 4 C.I m> 

■^ ollJJLl ajJI U^L>- (jJJ^J J J f"l ^jlj J ^ J mi I (jA JJJVJJ f* 1 " J ^** {ji ■ jU",.."t i4j£.Jj>, 

(jl La^ .(JjaJa^ftT olj AjJJ ^^ ^lia 4j£,Jjk L^L>. I^j 4jj^>JLI L^L>JI ^j) CUfu Lava 
^1 dilj (jja^^l t3jUjL>Jl 2LflJjJa]l tf J^J ijaiJL! tj-QJiJl 4jj^L 2ucJL>JI L>UJ1 JJL£. 

^al^ill ^1 i> 3J>Ul 4_^o^JI 4A^1\ o! J>^ u» -; u — 6^! • 4 ^^ 1 ^K.^all 

/«j *AjJI L^L>> *j »>■ O-LlC I I aS L^ ■" dJ cJLa£ Ij j->-l jl^ (^ Ca1oj>. I jl ^tJl — jLdJ 
^U«"i ^jlj 1 ^ nini ^Ut") (j! CijllUili iiia djJu jL3 ^^9 ("tin *w j i^juli jLaJI {jA CjJj^I 
Ou ^jil 4*i mi "t a 4jr *l-w 4^i>. JjloJLj L^jI Jjaj (ji * o^aj ■■■' JujIc . ajJI L^L>> f J*> 
*j-«jjJI 4Jj^lo a.jl! 4 S fMi III 4vr \ y\\ LMjJl {J ^£. J^-l^_>JI 4jjq-A| J-^HJ •Ji^° j-4^ 
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*k icAaJI'kJaJI 



Short - term Progenitor orj^*Vi5j ± ^ *2— .Jy^u 

t precursor cells 

JJAI q\ Wjll" 1 11" £ L^iSJ iAjJi Lj!>L>. IjOV - JJJ "■ (J^-^. (^9 <jji_lJj 4X.Li^i 

SjJLnJI L^JJ-1 L«-£ *4_iJa (j^A (jyjJi X J 1 "Ml Lj^^>- p^J-I 5j^l o"i fl 4_iL>. (jj^ U^ 

u "i^- 1 . II 4-Sj^Jsj D.E. .Harrison qj m.jjLa j^i£jJ1 o' -^ -^ <■. JnVI ^^ 

^j-A 4J1 Ij ^ tXjt ttllj^j^j-j ^J3 ^jjl_A * bj j ' " JlIj-S (Jjoi t a ^^Ja T * * \ aLjlJI 
Ly i £r L^jjJLdja ij»".." _ jt-aJI ^ til! jj _ ^Jlil 3jju*a£ AjJl L*^L>- Jatk ^^SLJU 

tr-^LiJi ^S L^-fli \ V" 1 ill ^j-fl A4&4J ^lll 1 Jj^InJi j, 4 tltj ^jJLt CjI J AjJJ 4*1 juill 
Jl\j ^tjSL^a tT^j J^l Jmi-kJI ^ LMiJI tf jjfc JIaJ Jl (iilju ^j^Ujusj f*^J^/ dill 
JJu>o ^jl w jl^'mi") V 4aL>. ^1 ^1 OJ^) J~<*J fr> ftiaJl (j-^*J 0' J^-JJ .3Ll>JI (^JLja Jlaj 

. 4aCjL>. 4j1>. >pju V Ly >*Ji <]p^-^ SLp- Jijl» 1 j...^*i ^j^j 



fg^u uai 4^^ji uui >u* 

llUjj iSj^^-jo l^i^l SjjlJ (j^Li- JSLdj 4JlILJ1 2Lx. jl^JI L}LjJ1 ^jSU (Sjujlc L^-lSs 

1 Bone marrow ^Uaalt^aj- ^ 

cdJj^j i{ jjJ^\ fU**l\ ^ L>U.j ^jJI ^UJ j^>aij judl ^nll dUi 

^j ( ^jlU 4_LJiill 4j£. Ju>J( L!>LiJI - edljjj j jJuj - ^jj^'j j^ljJI ^ l>iL^ 
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ijj^ls j <i r vljlli j*jJJ 4 1 mi i a 4-j-CJLjk oJlj>.1j 4uL>- ^yk pi Vill L^Lj>- t j^a 

j-^j 2ulbL frlj^^j ft L^gj aj Lj^Lx (JJJjl^ ( ajlU 4jJjV! L^L>JL£ . LiaJ-A 

I lit Lul 1 1, 1 <i ' t fl C-Jj ^*J ^cr*-" <J^ (lH ^ -ft ^^ ' ^^ >U^jJI ^-S-J 4*i j j i j-jLjj 

L^lilit* 4^jjw <j*« JbV ^1 ^lU.II ^ LiA$ *4J^lJ 4jj>QJI jLuVl ^ L ^ 
4fTj_a£j LfcjjG (^JLaj Jj t4-u mjjl l^Mi_uLfl_aj LgJI^Ial lll£j t l_£j (_^jJ I CiljfLllj 
(jl i ■ au J_>.|j <jjjL_£ 4JJ^l4 < " ■ >u j- j mi jl ljJj 1*m^ Uj J l*JJ J t4jf> (jj** 1 1 

J^j^- ^(^y-*^* ^1 <_h-1 J^- jl j"r 2J ( _ y J3 JL>-Jj 

t Peripheral blood (^jl*? *)'&&* jJ\*j}jJ\-V 

4^cJ^>Ji b>UJl Ij *i tt -, , „j o» l>ftlh-,,„l jkI^LJI o& <*^ «Jd! ) - J£ 

iSj ^ i4jj_fljJI SjjJlJI j^JJ ejLkJJij aLIojlJI (j^J <j^ Sj-aE-^J! (jXc -ajdi 4 *< mi ill 
dUj (JJLJ3 iO^ 8 J^ LJ* ^J>-^1 4?pJlj i4jjal^lll uil^JoVlj ( 4-*^JjJt ^LaVl 

^ybj tCytokines - u n --" jI^-a 4_J3-xajJI SjjjlII ^1 >Ua*JI ^^SJ ^ 5j ^ j^ 

4-4 Jlj pj-jIUJJ ^*" > (^A*J - b!M->^l (jrU Jlo^jl ■ Laj ■ wj 1 j'^j^J A j^j ' *•— l *-^HXH 
^yill L^L>JI ' ■-— mJ 4JUJU4 aJ^^.1 ^Jj^Jo ( j£r AJ (Lj^L>J1 \c\jj fjji a\j\ 3jLC Jj2 
Lj>L>Jl (_yA frl)-* (jr* Lf^LjJl tfJUbj ( 4J3_J0JLJ1 SjjjJI ^JJS CD34 AiJ^JI J^J>0 
. jU". ... t ^j| -m .l^'.W d'.A y a ,\ ■>> j< aJ Lj^Li^J 4_Jjil >jJ1 uiL>-J 4-J_CJL>JI 
Lo j-Aj (4^jJoJI 4j^ojJ( djjjjl jj^s aJlU 4j-*lill 4a£.JL>Jl Li>L>JI ^^k. Jjin^ll 

i^,^^^^! 4^»Ljl!I 3 ^.uaJl jl^jw Richard Childs jlLLIj j>j1 o^jj j>^jJI aJsj 

jjjjl tilUjl (jj«s J>k' J-4-C- L-^'j <jJL^ »1 n mi 4-j Milt ^l^ "i- j ^jlaJI AjJI (jja 

LMiJl 4-i 4< j! (jJJ 5LaL^VLi 1 ju4 ifj^Hl j»ltfi ^ J-* ^aLjM-^ uj^-^4 
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2^jl\ jj^> ^XX* 



^JJ UJb j j nil jjl ^o -iJ^J • aUqaIi (_^-2-j (jt B 3jj_>.ji,l lLUj ' ^* '^> . a 1 La * " 

L^LiJt eJJt 0' J^ E. * Wright C-jIj j>1£jlJI pj - -fj mjJ-C-J jtlLvLJI ^Ajlj jjl 

. (m) f L^}Li4i>£ 
i Umbilical cord Blood t^>uJ) JW* ?* ~ r 

aVI ^ 4ii-a3j ^3$\ J^Utl Jjjj JUu i^jjjJl (Jj->JI <j\ Jj^" (J' ^ J^ 

4j^L>JI j^iillj jjJlJLj *j)\ all >Aj 4 *L^$ SJI 41j-u ^^^fl (j^H 'J^ m U-^-J 

5j*j^j CjIjJuL «-l*3jJL1 1 3 *^"j U^LiJl Sjj 4j (jl ju>*I jJu aJ^ ipju T4.J-C Ju>iJl 

4 jr j -»J! L^L>J1 « j Sj ajJI 11a (^j *{*j ^j, 4<Ji <J-^>»JJ 1 1a (_j^ ir«jLJ . 5j j"'^l9 

ji 

* ,v*i . ,.11 t 4j«L»^JI aIj^ST 

<j*_>. lOLjJLuutttjJl 4_jijL)j CjI jJ .uLftJiJI ^_>.ljl ^^ UJ" a-Li ll 43^_c La 11a 

(jic l£vtj l£^' t*^^ *^ JL - A uA 5 *-^ *4£>^i Laughlin uriiisV j>£-> a>u" m,I 

j^jLu tJJJLlt jLiLVI Jjo JUJLaU gj aJ sLj — 1 (>JlU 4 * mi 1 U 4jX.Ju>JI 4 jl^.1! 
*uAj t^j ' ■ JL>. ^^ ^ jLjSLU 1 ijajj fj A * g&j ml L4-S t4 'j- A 4_i_rt-ua Cj^A\ i1i<a 

Sl*J1 JLJl ^MaU UJLo 41l>. ^jjl j^Jl IjLjJLjkj OJJ^ ^ 

tlj^LUI CjI ^ jUtl ^a ^lu ^^iJI .5 ,^ ,^> :» -tl L^>JI pl^JI * j ~ >■ *LLa-cl ^^ 

11a Jajcj U jj*j tPluripotent oljjiiJI 5>al^ Lj>U- L^l m^I t 4-iLijJI Aj^^jj^JI 

<l,i_iil 4jr \ yl\ \j^L^1\ jj <^>j jjja Jlj^j Lo ybj .' ^ Ll% 4-JLc 2L*j2 Ij ajJI 
L>UJIj .a : ; : : r n 4-uil^JI L^UJI JLo .4^^! SjjLiJI *1a dHUS ^1 ^ 
Lj^UJIj iTeratocarcinoma SLiiugJI ^LLj^lJI LMiJlj i4_LLL>JI \±Ayj^*l\ 

.{£jjlu1\ JjL>J1 AJU 4j£.l>Jl L^L>JI i^J^!j iSjJuU! L_jljL>J 4j£.l>JI 

iFetal hematopoietic Stem Cells ji&Uli <j*i^ i-t 

.jl^JI ija La^J \\ _ ^ * (jjtt J— *-£■ (jj3j 'U^ w,\yi ^ Laqj TOj YA Jrjj Lq 

( j-0 ljLJ>> 5> J fcS 4_J_4_S f/— jaLuJI 4_L>.^ ^Lul /_B t(J4_L>jl ' m_>. 7C-JLU ''''J ^ 
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*1 j >■ ^yB 4 j 4 &> V I 4jkJLJI SjJLaJI 4JLA ^^3 jJJ^J (_^-J' *V ±j£J I oLol i it fllVlj 

^Jflj^j . Elaine Dzierzak LiJIj^j^p j^Li j I. L. iWeissman <jLa^jlj 

AjJI Lj>L>. U3^ u' '*•':*" Vj 'J otJI ljufc ^yS dSj* j^lo jjb * a Jill 4m*iUI 

^ja Ij^ufl *-Uj^li ^1 L>LiJ! OIL ^ ^*Lw L^jf (jJJ t L*JJj juu ij^L^ 

.^1 mjVI ^ IV _ YA a^JI ^ysj njlj^LiJI ^ ^ _ > * jVya r\^W ^- »-*J->* - 

La J.«jnJI (>a >^>-tJLa t^2j ^ LfcJu^j 4Jl R. *Gallacher j-iVLc. fui^jj 

JLfl 1 o-^ _ Lj>L>JI a JL^J .^jSOl j \ i^i II <jtj i \ Y"\ aj-JIj Ai aj-JI jru 

J^dIj3 jl^JI ^3j . j ,<II ^1 2LLJ2 aL»! pj^r <ya j^U 2 6 5 ^'.^ V ^Ji 

4-C:J3lfl *>jSLjj LajJL£. JLjIjJLlS *Lg_oLwi-ijl >jdJ 4_LliII 4_j_cJl>JI LjMJkJI 

t_»ljJlSI ju£.j .Thymus 4-j^J * ^aJI SjJLIIj Jl ^Utl< L^JI r-^ "■ aj ^ ct^! 
2mjJL1 SLjtjLjJI L^I^!^Sj^2L^iiJl^^j£^lJajj^ ,rY) ^_p.Vl 

4-jojJj ^jJI i4_jj^iall 3Lj->JI ■ * 1 j " ^ a ^yJI r-j^>Jlj ^ ■■ ^ i H ^yLc jL*-i£.Vl 

tEmbryonic stem cells SuJUl^Ji^u^a^i UM»Ji -^ 

LjMJkJI ixALj (JuvjL^ 5 .;,:^tl 4a£-^Jl L>UJI t >> ^ Vi^X\ 4_uiJL>Jl 

i \$ t nil 1 JJU>U (J I ^r jlVi 1 n" ^yjJI 4_jlL>JI Igjj (Jj-^-1 * i-LA (Jj^-I 4_j_LjJL>Ji 4_lC JL>JI 
\ him (jpJIj 4 rri inVilJ Lj^LJJI pljjl f L Lq^ ftUacI ^^ djJLUI L^JjJ fj\ \a£> 



l£>-$\ 



2^jl\ jj^> ^XX* 



^"i -r 1 1 1 <ij^!aj T. <Doefschman jU-ijjajj jjlSjJI «-^ £>jl>. jus I jlaj 

JUJUJ] 4-JjVl U>UJ1 ,>! Jj II Ij^lU-.J ^t 1^1 jrp. 4 > Uo >LJ1 

(Juiao^ i>SLftJ LaJUuj .^ ' jLaJ 4 mi^fl 4jr JLgJl 4_il>JI ^a aJlJI b}L>. (j-o 
Hjl in > J 4 jiji-fc 4 \C ,\ y u^L>- <_yl^ (J J) ' ^> *k 1 1 ^j^o ^ ^\A aI— *JI ^3 (j^ ■ " A J*"' 
LT^l bfcjjLoj ij-Sj tL^-4l in nil 4 j La r ?-L>»jj ' j j lisi, I ^^^3 1^"mi> m J 1 j" J.V\3 

cjl.Mr.,1 ^ 1 ^ aLJI c> N iHole J^a j^jJ! ^^iu timmVn L>U- 

J£ ^1 5 : : : : r t < i^c JLr>JI LMiJI cJ^*: ,ajlJL 4_^>UJI jjUsJIj >*JI 

ajJI L^U*. j^^w Jki Lj^j i y< ^^j^T (jSJ . (m) ajJI ILSjII L>UJ! 

4 jr'v ^tl L>L>JI (jjo Lajjjl» o^L> (^Ul t 4_L>-Vl *ajj — aL^VI ^ ^Jj^l 

. ^ ' )>jJI LM->J j-*>> J-^l^ c^l 4JaLbj <jjj ^ <<,"ii'mi.iU ^ 4-lLaIjJI 
y'\\\A\ V Ijli ^JLO <jf ^jMi-y.Tl 4o^ JU>JI L}UJ1 4JLA A*.\Wu«\ J& Ja ^J 

4jjc Ju>JI L}L>JI J>*-jj ji (1>SL«I1 t>a Ja (j'*<i; S3 1 1* II jijJLL L^jjI L}L>JI a ja 
rl " t_ij jj^LJI < LuaJLLa ^ JjLic is ^.so-u, L$ji a! 5 Long-term HSCs * j --j 

i j^ixLJI 4j^*j V (JJJI fr^^l jAj HL4I0 SjuJjk oli<u< ^l gJlill jliJI LAJuu 

*SLx>JI ^JUa (jiaj^il aJ ct^ y^^ L>3^Ji &4* 
4.i,i>ll 4^C JU>JI 2LiLiJl ^Aj „ ur^^-lL^ - I'.U .\> L^» ^J L.JL^ I jjj 

Lq 1 jlaj iAjdl 4 ^ mi ill LM->JI tLUc.! ^yl^. (^jIj^J' 1^^- aU^j SjjuLaj ^jLuiJXJ 

4__L>JI ^JlA JLjIj £-xLaJL> (M-^° ((^JbftJt Jjjs. J^aLull ^ JuJLaJI Ja_jJLi 4_1_u! 
f I UlTl > m I (^JLlI 4 Q^jLMjSk uuj 4^usLaeJ (jj.iu.atp j-^j"^ j^Z&J <* J ' J *' T* 4j-CJL>JI 

L^jl IJla^^jSL^I US ° r ^ ajU ai^ull 3 : ...: r t1 jl SLJjVl L>UJI ^^uu 
4^iiJI ^ Lij^_>J L*l£ 4^?^ JLu ^JJI JIJ_«JI oiJj Lo5l j JJij^ 

^ (^ \ qAc \ >li^^ ^^oJI L>L>J1 *? JlA ^oSi Ja :>a^ aJlLI 4-L1UI 4 jr jv -*JI 

L^bjla^ £i*3 cij^ L^ji a! SHSCs Long-term Jj>L*J1 jujVI cjI j LMSJI 

S2LLuOJI 4JLiJI 
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jjjju V I Jajl Ai Jj t Jlj ...tt | jl^ ^ 2uL^.yt *U« J ftU.T! «U". ...j *J 

>-a-*il CjI j ^JlLJ 2L5-il.U1 4 j r.'l ^,11 L^LjiJI <jru Lfc) ^ jaj (^ylJI 4-aj^JaJI 
Lgj] Jail (5-i-J' 4^1>J1 '"iU'^'j fl ,-Jb La 1 j j ■ a 5 11 j^P 4_o»L-o CJJja i JjoJajI 

lEmbryonic Germ cell (EGC) Su^^i^^j^i^UJi-l 

^ Primordial germ cell 4-JjVl 4-^jj^J! L}LiJ1 ^ ii^Uw J^l* '>n$-JI 
4_i-joj5j-»Ji L^LiJI <>Jla o Ju>J . Ljj^-5j j.» til l jja 4_xJL*iJi ftjjl—wj^/l l£j t^-i^JI 
^ -ar j II 4-ijj-aj M J. tShamblott ojl. aLi jj^j 5U .J^j jU^>U 4 j m-sl! 

U^LJuJI HJJb C t \*\C.\ ^oL>. ^jijLC i U i nj U-Sj^Ib < " i ■*■ I J ij .1 "f ><U ^^ t"r"< in i ulj 

olj L^LtJI JLia t4 afcic A 4jjjla3 J^-ijJl &j±AJ* Cl\ g mlj Cilj L^L>JI ( j_4 JUJLtJI 

.( AA ) iitiJLi .oil L>U .^u ^Sl Sjjiiil UJ L>U lt a 3 ,CD34 4*^1*11 

S^jlU ALilXI 4i]LJI 2L^JL3JI LMiJJ l^.j 
I j i aj}j£ 4 a 4J aj 4-i^LJi ^Connie Eaves j j nil ^j-S 3jj^£jl)I Jj^3 

LM^JI LT l aJ u cr ol1 LMJJ! J^^l o? ^J^j *4 jmI-kII 4_u^^J! LM^JI 
^^s I ^"t, v yjj a\ ■ " 5 > zl 4_La-i_*lLj L^jLj j j ^ "" (jpJI L^L_>J1 tjr A *>jdJ 4 5 -^ '< 1 1 

4_^S ^^IjJjj Caj-lj i ^ ^3 |jy i * j q\ Jlaj 4-jJJ ( _ 7 laju jjl j j sfcj (jS-lj (lJiJu aUq£ 
4j-*iill 4-lC j >J1 U^L^Jll ^j-*J SjuxSi. CjLxaS ^J Jj j ^"" t w " 3*. t4_MDli^ oL>Jl *a 
* \$Ja 5j-J-p lZjLioS ^lit ) ^ji « i g&j 7*L%JLi r-^L*JI |<uj ct^ cr^S *^*J^ 

nji U3-* u* J^ L ^ 1 3 ^^ * d 1 f tj ^ 'j h^I I ur^ iyW * fl r a ^ 
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aJI 



j-aJ-JI J^-ij_<o ^3 ^j-Aj - 4 j-mi^JI 4_j_cjuj>JI L^L->JI jl (_yJ-«-j L*4 t4l^ iii 



4Sj^jlJ1 ^!^ -■■ ^j <a ■ a ^ "' CjLJLj>- CjIj 'J, '" "" **1j --' 3-Liae-C jj-S3 - 5>SLJU 
jl ^j"l ^ < jjJ jja j ■ a j fl J* A" jl LgJLa i— <_LLa-j U, uu ae " ui3 a ,uL>Jl 4JLJj 
fjdJ 4 .imll 4JL1LJI 4-^.l^JI L>UJI jl c^i i^L^VL Ijl* .*ljJi]l 

(j-« 4lJj LfcJjls 4-A*X. ,jja lillJu 4JLUjo t^^cLill jl^>J! j^a _ La J^>. ^J _ 

. 4-lC l^IbvC L-ii-fattJ J-ui>J I 

2l^cju>ji LrvLiJi jl i ^ ^uji i^t u u^ ^A^Ji *ij>*j j. <Chen 

jl JUJ .uLa-a jLfl ^jjj AjiL-u jLd j-a L^Ioj 4-jLa c JUu aUqaJI (jr 2j ^B L^jlSLo 
jj ^jU"i i in ; lim jt_a j^o SJj^Ul pall 4 thrill 4JLJLJ1 4 j r *l »JI L>LiJI 
JU-3tJ nj JJI jLujijVI ji jL-^-Il j-t-" J * '<*> 1 *K IuSLaj )a! ktll ^^-Sj ^j£ * e\ y "n 
« n-»"Hj 4-jLaJJI ^jlc L}L>J1 *Juk SjoS cJl£ i^jdl 4 1 mi ill 4j£.Ju>JI L>L>JI 

^ ^j JLoojVI (_ r lx. Sj j j ^ 3jJlLj j j n "n L^jI L^ <Ajdl 4 j in 1 1, 1 4 j r ,\ -^11 

4 m *.c Strains ^V>L^ ^ da-la *1jjl*j 4JSJj Ja^JL. *±jjl_*j Ijl^ j? j£j 
j^jj V 4j! j^JJa K. Sudo j-i>u* j^jJI Jl» >^^?i L> >>«jll Ul * jl^lii! ^ 
j»jlU 4 tunll SJlJLJI 4 j r j ^11 L_j>L>Ji j j r iJ J& SjLjj l^j-*- j? l^—oj 

4_t- i ii 't VI L>L>- t>a 4_HJm *jdJ 4*i mi 'it, I 2LuCJu>Jl 4_iL>JI jLfl Loj^-CJ 

. UjI j L}LiJI SjLi^y ^^ 4j*m;^H 4^ jl>JI L^L>J! jU 
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>oj^l J^^^J^- 



jo:JI xja\jo\ gllc^ &jc.SaJI tolitil 



C^y f»All «**U itIUI m tell LjttJI -jljisyt $*u ^1 *Lriflll 

4*£ (cLu V j^J (JUi < IjU 3 \ UL^iJ 0^ ^J^ «cr^ ^L£JI JL»-«..> Jib 
(«jj jj^lj I jub J£ ^i I loir bLa i Ju&jua (J-l^Uj (_y3 jJ^j (_y^^ t£ji*' ^j^j^JI 

<j^Ja cJlj-u>Uj . j j 1 ^ U ^^a i^l i4^.jL>.j *■■■ jJI Jib >jJJ 4-Liiil ij£.Ju>JI 

I flU-w j^^k. LujJLfl aJLc ^jjk ( 4-jL>J| oJLA (yB ^jri-l^LJI (j^M-j (jr lJI CJ>l£LAU 
l^"lt^ JL9 1 ft J ^1 LmSJj 4^j\ a*M ^jl (jJJ ^a 4 Jet2B rim mil <_ y S I J - - a * JJl^o 

4-iJLJl 4 jr j »J| L>U>JI oJ-A jjLfl iaJJ! j *-»; t-ji i^> a jl-3 ^ CJ2 ^ I jl 

^jJJ 4jj£La 4j^Jl>. L^L>. ^Jj ^1 ...S'iVI ^J| 2*- j ...a i*»,A\ V aj * L4J LiUjj Lmj 
^Ijlj i-dJju 4 j j 1 a iAjJI L^L>. p IjJl » jn ^ ^JJ S^jl 0" rt ^j^-l lf^>-J *3juJL>- 
I JLA , U t "< . nj jf ( t -..lj >Lfl ^4 m 4JI jJISJI ijj\}\ (i^LUi (j^-ojVI jLflJl IjUb 

. 4"i^- ir> Jj'i 1 n^g 4"ij^Lc jLdJI 

aJL£. ^Ijj Sj^jiL^a 4-fl>Lc 4J 1 i...^tl Ji.(j ^ AjiJ ojJjuaJLI 4JLILJI 4a-cJL>Jl 
^IjVn.ii JjJU (JJJI JJlUI 1 JlA dlSa jriJ^La^s *6>^ ^9 UL^d ^ 6^-^' tUJjtJl 

^j? <J3jj->a ^ja (^^i-st-JI * j "U *3 J- *Audet OjJjI SjjJL^J cJSLoj cdJjJ 
^JJ oljl— i V! (Jrt it ^j-aLi- J-Aj _ gpl30 - ^ /i 1 nj tjOij^J iVij i"ii*i 4 A* ** 
4_i^u j *C' • "** da ^ A O ' -j^ jLaJ aJlIJ 4jj1uJL1 4_iiLJU>Jl 4_ii_>Ji Jjljcj _ 4-iiSJi 
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{j\ H. iEma Lo-il 4jj ^ J I lIjJu>.j 1— O . LAjjIj Lg 1 a * a A £^>a 4u^ a a 

J ibfc a : Lajbj Cytokines oLL^JVlj oijLiVI olipj^ <>a cryc>> *jJLLa 
-*i * -~" or±3^ j * ~~ « J 'Stem cell factor 4 ^ r,.'\ >J1 4 jl^Jl 
^ ^" m '<> 4^LkJI ^ Ul m, nM ijliiju^tj tjl jdJI iThrombopoietin Su^jJI 

(AGM) 31 n m,1I ^j ^jOJ 4*, >1U1 4-i^JL^Jl L)U>J\ \ 6 t* jukjj ^1 

<±*j_^ t^L! V » j ^ ^ jL_3 u*-i*. ^ ^jba 4 Aorta-Gonad-Mesonephros 
jl-jKU oiij^j aX-Lull LMiJIj ^jjVl V>^r n 2 sUM.1 *juk ^ ^ 

L^Lje-U 4_j_j>-Ljua_ll ^j^. Jfl U^L_3«JI 4_ujIjJU (JJ^-^""' UL?" "^ . 7* "* ' ' ** ^ 
4h<u SLpo ' ^J^J (* ' " ^ " t *J^ 4^jjuaj jaLkutJl (jj-Sj J^>1j >jJJ 4* mi ill 4j£,_kJ>Jl 

^ ^jdJ 2LLlill 4a^Ju>JI LMJkJ! j>I.jVi,J ^ Qi 1 ^' L*bi °JL^ *>*U» 

(jf IjJL^j (^^iaj^JLl Ji-lj 5j j ^ CjI j o^i L5L>Jl o JlA 1>-Cjj urj-*_fl tr^LaJ! 

JjLSJI ^ JU1»VU J^3i 4_l^!vU gStuj ^b >UjuUI I j^j ^j^JI 

(j^j.AJ u»3j_»j La JL>.jJ '""-j >» i4x.LULl 4 1S[ til a iAjdJ SiM^tl 4JjLjii 4-j£.J_>Jl 

J^xJAj cfu-p^ Host- versus -graft disease c_ujjL *j — "; ^Alaill JjUJI t^aij 

jjJjLtij JijLi-jJj j^I^jJl tji JL_u .4JLst-LO jj^fcjG ^Lllb^ T^^i-tJI jj-AjG (^1 
^j-a (^jj-^j (_ T J-11 ^aJL-LJ 4 *j i* i U 4 j r j ^J I L_j5L_>J1 ^rt «J i V -w^J 4JI ^-S^i 

Graft ^-j-Lajl kj <nitl j^j 1 o m ">- «Un *^ ajj Ijla j>-SLJj .(j— c.mi jl ^ -*\\ 
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pS)\ uaIjAI ^li£J AkOci^JI AbddiJI 



Ju>J! I o/Cij^-JLl 3 \ a j4^.HI L^UJI ^Uaucl oi J^iJI ^1 oiH^' £*■> 
liAUl i_^^>JI LM^J! j^ Adult Mesenchymal Stem Cells (MSCs) 

^(MAjUi) ^^LUi jl^>j( 4-^lj^o ^ tjj>4il (>a I^SUj <*jlU 

^jlLI 4JJJJU 4a£.ju>JI Lj>UJI <ya Lgi£. j-^1 CjL^JI <j^-L^I t>« iid>* 

lj^ j*Jl (^^ (^yJ-Jl uiillj L-^_lJjl_S_^aj *j^ i U /, *j" yl\ /j *1 '"' II 41-wj^ja ^^ja 
• « Ij*^^ L^jljjLS^J _ Ljjj^" ** ua uaitim - aJlU 4 j *■ " U 4_JjVi 4_ul ju>jl 
AJ (j^J *f*W' ^ * tf J ° r J^ <lH° ^' ^°,fc? ^ tfjof ^LjajI (ji-*-^* (j^° OJLxl 

J^JLJ UL 1 ip^^ < < mi**» <JS t^JL>.1 (3^J CJ' M'V (J J* mm! Ji*»JU_> (^y^S 4J3j^t-4 
iAjLlJ ** * m i i 1 1 ^ J g > >J| jj^l p%Jl ^^3 ^jLL^ i-tJt '"*' * J J > (j^ijjG ^jrULJ>-L_jJI 

4^yij^ L^j? .^Lt^J! ^i ^3 UJ 4_^Lu^JLI j? SjjLUI L%J>J\ ulUjl^j 

L^L>J1 Jt^o U^j (^^Jl 4-JVIj L^La-C 4Jajjioj a| ■-■ aJVlj j <a 1 1 i Cjlj^sca 

.^ iSlj ^ (nail ^jJJ 4 l mi i 1 1 4^£.JL>JI 

aJlU 4lulil1 4a£.J >Ji Ij^L>JI aIj stIL -I (3^>^ cr^ ^ n^ A ^j^t 4-i^-c 4^j 

w !>. c^J^I Amy J& Ujb JlflJ ^1 (C Jjdl 4L>lo (»aU innitl 4_i^Jl^JI 

^jja^, .^^^ ^^aJI j^jI alj .£jliJI 0^ <J^ ^J^*- cP! jj* U-* oj&i y 

CjI (nljU j a j uJ,l j j *" II ^1 (j^Jj 1 ' La S a L^jjJu ^1 ^j"jl * \^Ac t-flijl t"ll 
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, J- y 11 4_iL>Jl Lr ic ^cIj f^l\ oLrt_i>U 4_j_wLn,Vl L-flljLAVl g^J f^A 
(jr*Jl cK^J-" 1 *! (*aJ t>*J «cr c ^' jW-^li f ^ c^Lh ' Luaj'^^ i^lj-aVI 

i Leukemia & Lymphoma ■ t\+.AtypjJ\ i j\b J ^-\ 

4_j_cJU>- u^L%_i (J J i" iu*i aj i^Jlil 4 * mi i 1 1 4 j r. J—ts ! 1 ^jiajjJU u^L>. ^Ut" 



* . £ 



.1 



.^^u^l ^Vl L}U. ^Ja (_,!!! iMi'l Human leukocyte antigens (HLAs) 

.Inherited Blood Disorders Su^ij^ttfjtff^ii^Afjr 

Fanconi anemia ^UjSjUJI ajJ! ^ija _ 

Aplastic anemia j^UJI ajJI j^ /\ |*jJI j^ - 

Beta-Thalassemia Liu -^jjtJi ^jJ! j^3 . 

Sickle cell anemia eri^ill j*jlII >^a _ 

Sever immunodeficiency jujljJI ^Lil }^sl\ - 
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2^jl\ jj^> ^XX* 



pjJI \jb\jol ?U£.$hir\-*Wk±lJ 



4> j"'t j jtx" o^'j-^' oAs *Inborn Errors of metabolism («-»>< n" ,.mJ1 

J 4 J? ",'N *"' -VI L—tl j I or ^^ ■ ; a 1 j La-uo I 4_Lc * " ' j i^jQ La (4JJ->j <jy^ lU*" 



i 



Hunter's syndrome ^lLa o^j^ - 
Osteoporosis *lhtH LiLlA _ 

2L1AUI 4^ Ju>J! L^UJI l-^l^u _ ^L^lSJI £>U]| . <L>ps all'jS ^ Uiyj 
2Ll_dl LM^JI jut Ji i .-- l ^1 Jjj^j £>UJ! Js ^jlIJ 3LL1UI 4-^cJu>J! 

^ .^jji 4jj>s ^j L> ^ LH aj ^LtuJi ^ &a ^jlu amai 4^ i^ji l>uji 

r^ tJt ^ ^ *"■ 'j ^" a» da a 3cj /«j <4^j ajJI SjjjJ! ^j^a L^M iJI dJLA *_* as3 

4 jln C jj-a l_3^>JI tJJJ (j-* i ^-f J ' J ^H (J^i^ - *' Lr^l *-$JL>._sl ajj /oj t^jl 4 j\ll 

.4^^ o^I! L?}U l*iV U>UJI ^ ^LULl JaiUI 

cjLUbj_Li( 1 fl ISj ijjjJjLaJlj jl-iSLJ1j u'^jj .' ^J *i£>^J ^" "' ' "Jj .' SjuLj 
c-^jjJa ^ ^»jdJ 4*; mi ;ll p-.1l 7. II LMi- j-a-^j -^M^-N ^ 4j^LJI j^laJI cll^jLa 

jjjjbj ^pJI (HLrAs) CjLi^tjjj VI ^^ ^jiajj-ll «_a L^jLiluja UJ^ 4 <- m*^- i^jJajj-aH 
L^L>JI <jr kuu a-j i^jJaj^-4-U ^cLiJLl JL£j>JI 3^ ^j^o ' dJLxIa-j aj »L^L>JI ?t U>nl 
J J 4*^ 4^La c ^-jLj /«_) (<LjOL9 jj-^-u' 4j^Lj ^j**' ^*) ajUjj aJlLT 4 1 - -• * V 1 4_iCJU>JI 

S Val Sjujuw aj L^L>. frLu jl±£.I Jjfcj (^aj^lL Sjujl^ aj L^Li. 

S. Sdoshi . (jdul . ^j^jjj-^ 4-IojI La ?-^L»Ji ^^ 4_£j^laJI tfJ-A (C^-JLJ Lq-^J 

4-ui^>JI L^L^J! o't^l bj^l * ^' , .:^ iY "' (* Ljtj! ur^ uH-^J' 4-^>-3j 
jLuaja uLLli_L) Ju_4jj (j;^_tjj| Jjj>Ji jsO ^j-a LiSj i^^jdaJI ajJI ( j v <a >JlLI 4 1 mi ill 



2L<^I 



^>j^\ jj^^XX* 



lW*JI 



3jj£ L&JjJ |*JLii 4* mi ill 4_i£.Jlj>J1 b>L>Jl <jt d-Lo (*4-aj jlS 1 jjfcj / ^ (^JuJl 

i Autoimmune diseases i-oiJJt 5LcUii <>>i>*i jrM^ . * 

. (j-i^mi *_ji^jjij* jLjjjjLojijJi _ 

Lupus erythematosis 4^,111 ^j-a - 

i4mrti ^v < n>l) u^L>.j 4aui i I /<l>.L^j Ai">H ^£.Liil j\|^|i u^Ls* J*"^- L* f ^ 1." 1 

L>U pUj 5jUV U^^jj ^jlU 41AUI 4_^ Jl^J! L£UJ! *ULJI p i^-... l wdJ.il 

.4jr 'i^H 4jl->ll CiLxljiitLuiil ^ jLoVl jjJL>*j 4£.LULI ^ }LjI£ N '^« fjjiaJU 
4-^Ju>JI L)>UJI Jl* <4_ilLJl 4^cJu>Jl b}UJI 4j J^u U ^ bULcl 

^rk. L>L>J1 tfjub 3jjl4j ^plasticity ^jj^ll jl SbjjdJI 4 n^L>. ^ ^olJ 41AUI 

Lj5^- f'JH^ LoLj^J jjLijaj L-iJLjtjO La ge-j ■ ■■ * ^& L^L>JI ^a ^i*l fjJ <_jJI Jj J *-**^l 
4 j ir>L»JI ^Jufe ^^^k: Ijj <i*ir I J[o^-> tC^CjX^Jj r.mi 4-^j O-jI 4_La ^^iJI k-xjulII I 

t^UajJI (ji LM-i. ^^ Jl 4^^ R. E tBittner j u .u Ji* o>^L» f J ^" '"' 
^ j? c T AiJI ^ 4-^iLJI *1>*Vl jr>U ^ ^jlU 4^,;il,l 2Luc jl^JI LMJJIji 
<Sj%. ^1 5>**]l ^ f jlU 4*. m-. ;ll 4_ul It^JI L>UJI dU3 SjjLiJ wd% . juSJI 
M^t,^^ 4KVI j-**^ l*l>» er g^UI J .i^JLJI L>UJI jl 4jL-ai ^Ij^Vl 

(jJJ ajlU 5 g , jjXI 4__j_c Ju_>JI L^L^. cJj-^o I Sk c->l ^U j ^ «tl ^L_^ 
>^aJI 0^ ob 'l£>^ yiaJI ^Mi^ ^l>ii 4^ij ^jj iCardiomyocytes L^i. 

4_tCJL>> u^L^ ^pa ^j^tj Loj >LLaLaJI ^^j r'Lstoj L^ j^ J^j ^jJI 4XLa VI ^j-^J 

j^j ^Muscular Dystrophy ^-~ ^ J"> gJL> *-bj— »j ^j^o ^jlLI ^ >; ^ ^ 

L^L>. ( _ r J3 JUJui < n 1 1 n ^Jl ^-iJ^J J J '^ Q ".VI ^3 j 4 , C^ J J lP^J^ 

.Skeletal Muscles SjKj^II c/M.^II 
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f^yzjj-A j \C p^ "< j\J& jS J ^j-a 1 j «Ia£ LcLasJ U)t?i >J t(jl inlVl ^^ ^.LustJtJI 
^jjo <_j^_2b La JUlj IjJUkj '(j-^j^' (jr LiJa_aJI jL>Jlj 4j1 uaJU 3jLoJI 4j lj o tV>^ 

tfjuk jjt ^^ji^. Jjlj Lo^a ,(j^jl!U pj L-uJI jLjsJI LfcjjLu-A* 3jujl_>. 4_iLA£. L}L>. 
4-Sj^sj E. iLagasse ^Lc^? j>^-> Jj^' l ^ i >^' JL^o .( ur ) ajjjlUL 

4-i-cJL^Jl L>UJl t j-jo JaiJa ^L*. • _ L}L>JI ^ ^J^ ^ U^i 4ls 4_u ojlx? 
4_-5j > j9j M. <K. Allison Qj ■■■ jJl *^1 HJI gj a<j^> ^ - .^ vv ^ ^jlU 3 \ X;[\ 



jj^jJI j^L _ L^uj.ij ^^ujjLi 4j^jL>. ^ _ Y • • t ^UJI ,>« j j 1 - o ,J& 
Lj^Li- ^ jjj< jjlc rLijy 4_l)jJa (j 2 ! -rjt I ^-SjjJsj Luc Douay ^Ijijj (j^^J 

L5L>. rHjU u'>^ ^-"^ ^* *° j^L^ l^ 3 i«Nature Biotechnology 4j^_pJI 
3 n jt 4JjU-^ <1ij ^ Stromal cells LM^ u Lkj^j i^jlIJ LL1UI 4j^.jlj>J1 



l£>-$\ 
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all 



' ^ ^ <** ^^ 

J^a ^ " • " ^ jJGj tJ»-j-4-4 lL-jJ— >» t M .". (JJJ jjja J-Aj - g " u J aJUI jiolj al 

L$jl La Lojj JjVi'i («J ljL>- S^iai. ^ys\j^a\ T-^C £)£. ill, kstlu 4JI JjVl - £/* * J ' " 

lLUJ t jjt"<tl :3LukJI 4j_lj1d ^^A dJLAj .3Jj?elaJL1 4_jl>Ji tfJuA LjjiLiu^l J_l3 Lgie 




l£-$l\ 



^j' 1 jy <£^ 



IS 




r*j»i\ 



WU >jft\y*\ J^k% 

• a i ^ . u »« cjLulLII ^jl^J ^jij - i5j 6 y ^ j ^ * <^>tij 

jl <L^-Lua-4 C-uLS jiilj—Lii w'tVl .^"lj CjL^Lc ^jrn i 

jjjl t p I j uaj\ j* > j^-VI jj-cuLjJl ' | ■ la ij ^J9Ju ^j *^ 
jl JL-<-uVI JLa i3j— i_j£LJI 4 - -j "' a I ,\ Cj\ jlj-i j*II jj-a . 

^ j? .oUL ^Ult^ l^r< ; »< .(^j^JI >^L. Vj 

^^LLo (jHij-v AiR*3 O^ -V *' 
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^J'l JJ^^^^° 



"kickajrk*laJI 

Lbj-ULJ (CjLjj-LlaJIj Ij^lS ill (jy-Aj l43&> l^ia j-^l < pJ -A (j-1 4 J i-^' ?tJ-flJ L<uij 
aLo| ^ d « i b j 4_i-tLC.LdJ Jij-sejsu JLui^JI aj>»L#j (_?^ ^jJ^VI 4^_t3jJl OLulSJl (j-* 

Lj^_xjS_j ^j J[ J ^ "**» - ^LHH* j' iS^J^i 4_jLa-oVI 4 tpj n >1 m^l 4_£.LLq t-JuuxJo 

3 Wri-^ll ^^yjS L -UjJa&x! 1 4jlflf l*^jjj SjLJb 
tj^a * -- >J1 IjlA (j_c «J3l Jj ^X-Luo tj'Tn -w Jft-^-J <j^o Jlj V {jL£ uLUJl! 
jL-5t3lj , f. I j i ir J_>. ^yic 2»j_j_a^Ulj 2 jLjJsJlII 4_jJj_iJI CjLajI^jM cdi3 (j^il^ii 
^^ tlaiLsfcjj (j^a^l cr*- 2 *^ c^^-^ >* ^* J^ ^ d.^ r Lr-^ SjUzLa 4J Jlj-u_>JI 

- 6 \u\ mi 4jIj-5^ _ 4-jlj-3 4j 1^> 4 h ij (j^J -V. "v-^J V Jj— 3 (]>>* * g c 4j ^ 

i^jLill (^JlLjlII 1 JlA eJi^jJ 4-j^I^JI lIjLj-jjj^-jJIj 4 jf.LU.1 4j^L>J1 (jij-L^Jl 

*3jjj^ JUuijaeU 4-rUinU 4->.l Mill Cl*jl£ Uj . 4^a tL^j Vj I^MIdJ 4aJ9 dJul^ 
cj-j>. ^y^ j\ ml" y\ jSj o"n ^1 4j-cLLL1 j^pij-x^Jl dJUb (^J-^- * . '* ir ^' L>* 0*^ 
JLflj jljLC jJUlJ! ^jlfl if-LflJ tjjj ^ (JjJ^Vi <il^-^VI cJ^j J ih->JI (j^a La 

(J^ 4jLo -^ t j^a JU V .(^IiAJUa (JjLC ^y3 J mi ->JI frlj^l * j o -w (jri^- <Lc.mi^ 
il^-i£. J-^I-Uj L^-^^JtJ t>« L^j3 o^? o' s-*^* ^^ J^ 3 *J-l^>JI ^ ^4^- 
>jj jlj^fl 4_yic- ■^^* a Cj_«-ujJj 4^jlj 4_aJl>. iL«jjlj Jj ^i-J ji 1jL#^ <lnn*^ {j-^ 
I JLjI ^ ■ • uo 4 -i j a ^j^a I gj Ll^ *4JS ^ o til J I -A-* (jyic- Jj 4J ■ ■ jl 1 j mj jl 

j_3 l$^h>o 5JJJI (-.m.LJLI *j - i^JI 0^* >* fJ-N U^ ^1 *^J^ (-"im. it 



f-LfijJI J^-i^DjJ <1lx^J j±>. jj* O^i *2U£.LflJLll ^^ft-LpJIj SjLiaJtl a\ mi-wVI 

4jL«_>JI ^joI jLJa t 4_ij3 4_iL^ J^Jj Jj *j <^>r JiJj .v m.^U ^Ja c^_^ JSU 

4jjLiJI Ajjl^_>Ji aJUb J^a^J (jl Jj • J-L^ L$J ^Lj_iI1 iiU^j K\jlSf SuLa^JI^ 
j fl a Jj? ^^cLLo .U^< jlL>JI ^jdC IJjJl^o Ijlj ^jl - .."i*^l 3Lj_>J JU J {p tfl it a 
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t(jLaVlj (>oVl 4-jJ3j pLfljJI 4_lJ3j 31 j-hJI 4-j_3 aJlJI jjjJ.ajJI Jj^ ^ VI 

^ <m mm • 

.^UajJI ^ ^ HSCs ^jlU 41AUI 5u<lju>JI L>UJI ^ 
jt 4_)LmsV1 S. u, i ■"" cjVL>JI r t *" ...1 ■ ^dJj J5>j iaI tx"*'ij a I loij ^-^j£j ^-^-'j 

J£ ^ 1 1 nj Lr cUII jl ^ jJI (jl i 1 >') JLjJqg .^j-cLili jl $ ~*\\ (jja jjjLIII 2j-jlai> 

^x.l_Ll) jl {j tII tlj J sfcj fMH 1 *(^"> ^-^ (lA-^ * ^— '-* J-^VI qjj^j-lAj 4jLi^ j I *_a 

J j TJJ '^LH- A •" . ** 7" "• > jI CjUjSLo ^j-A ^j j^ jl L^L^JI f^uu % j " * j 
J^O L4L4J <-r*J>^ J 1 -*-*^ 1 glLaljuaj 1 flip >l^Q ^3 l^4£^ *l ^jlf t— S^jlHI LqLoj 

.Autoimmune Diseases 4-ulJJI *£.LU1 
Liiaj! oiLlA Jj i^LU Lijl^>J ^jLkJI <>• *Ij^i «-^LiA U:;; * ch-J oM 

j_ylJI 4 n j -^jJI l^Ij-aJIj a^ j U ^ U ^jLuJI ^j-a MJLo-B . ^.4 >J I j ^> # mi I L 4_& 
^^jft — <-u-j Uri^>" (_^J — t Ji "1 jj£. J^J — ui « Qjj J 1 jL9^-i ^ 0' - < .' 1^ H c?^ O^' 

jjbj Interleukin-2 (jr^£j-jJjJij| ^ <a ml ^ ^ ^ j^Oj^j ^jj^£[j » Loj r k >-^f *-^xh 

CjLjj^£Lj_jqJJ LqjIj 4hnj (^yJs (j^j ^^ tl irt j jtl aJlII Lj^L_>. 4 nj £r\jj^j 

3jLj ol^ l-JJj - J^u_>JI ^Ujj JLH*rf S^iH^- f*- 1 ^^' l^J ^*>^'j 

<% n^> til ^1 (^? <<^ Lli, j 1 d r M '"■><.' OJL^JJ*^ '^^.clL^jJI 1 ... r ti 

. 1 \ mi'hI I 4jl LLo ^j-« iS^i fM^ 'J ' J * ' ^" ^ 'J 



l£>-$\ 



2^jl\ jj^> ^XX* 



I'^daJI 



4Lju g L^-u L>U. LU cr LJ ^1 *jlU iliill 4-^c Jl^JI SuiiJI ^a J>JI 
tfLMi^ fLla£,L *-dJjj (JujuUI (jLUIj ^jjJJIj l-AUIj 4_cLUI jjislj^oV (^Lc. 

* '.'.! . ' ^ U^J **-*ie li>4±i S-*=t>*J' J^JlII i^ (^Wl LjjU^ Uj ^H^ cr^t 

L}UJI g^tj .^jJJ y,,V,U 4_^ju>JI L>UJI ^ Jj2 j>» LS^c US jjJtj 

<_j-£j ^C 1 \ j *J lQ T i" ^ (j 'i n i 1 1 (_ T Lc> -^ <i j f Vlj y- i>>itlj 4_u^_jJI L^ol tttin ^ 
r>itJ MiU-3 ,^ljL&Vl (jja <U-g-Joj J* t"> ^jLj Liilj Jlju Jj-4^kJI L>L>JI 4-J! 

^ ^ V Thymus 4j; -.« .^iH SjJJI ^1 4_^Luj 4 r ,MlJI j+L T L>L^ 

ji ^ trt]\ (j^i^l ^^3 LljL^ I JUjlj ^Ju>u t^ij-w. 1 4 \ t rT\ (^l>- j-^-\ *{j-^> ct^ ^4-^dJ^ 
iljuojj (JA>>>Ll>. Cj! j (Ju-C- 4-Lajlj (J^~^ ^-^W 3^J A **^ j3 >^' ^ a ^ 5 a ^9 uj^-uJuj 

4^_iLj_ijjj ^j ^jl*"i 4 jl<ir Ijuj iio> (T 4jx.I_III LMSJ1 4jj_«ji3j r-L-bJl 4 jUr 
tfjJJ T LfM — kJ tplj^l ^iLUJI (Ju^-^3 (JjJ^ 3 O*- £^^* Cr^ *^J^ iSj—^-LS 

j^-aj (^jJI (MHC) Major Histocompatability Complex 4^,..'iVl ^IjU 

(APC) j r ■ V»>U 4^jL-ai L^LJJI ^u^L ^3^5 L>Lk Jklj Jl^J 4jp 
jl^u-jJI urpxh* o^j^-i p,' JL ^ j*^ 3 ^JJ-^ lj^' Antigen Presenting Cells 



^•^1 



>oj^l J^^^J^- 



fecU&JI ^jaIjaI p\Lz$*L±c±3J\ fc±LaJI 



(MHC- u*3i>JI - c ^ Vl uS^j Li^ju L* U^La <Ul-« jl^ ^MHC 
fu t>oj *«r^l '^ £7* ,t a= nj T Lj>L^. ^b Uaj antigen Complex) 

1 I ni^Tl q^l, Ijljju uuJjJiJt iJLA <j-a fj^aXste^JU jjN t^JlS <Ld>.^Ljja * " ) 1 j La >■ £jJl^o 

(UV) 

Lr^J 4jjj8Jl1I SjjjJI ^Jl r^itJ T u}*L>. Q^^j c>*TJ t-^JLH^* ^"^ ' . J .' ' J ' J' *-* 
jtLiiLj QaSu L^^jI 1^3 lis i> uau (jLB /-JIjJLij (4_ac_iiaLi ml r lj *^>- «* iia£ '"'"j La 
ifll>l (j- 4 l?^ 4jjjL-4i2! 4^1aaJI (_£-iJj !M-3 i^UILj Lo i_3^-j-cmJJ t4Jjj mfl j-tC 

jys JU Jr IjJLC 4jLujj^j 3j^ZLju4 4 ■■■ d * . 1 ... ^.ti U^L>* 4 q >L^-a ^3 IjuIjlB j-Aa \ 

mm 

(JjlOj 1 jj'*7"J 4j ^-aLjvj j^l jj^a ^^ * j j La 1 1 ^jIjjj! 1 j ^ a! U Suljj i 4_%_ila uJ 1 jaC 

4jLu> (^j Cjj«j 4j1j j ^ (jji^j '"1 yj->- *-"* t^-* lt^^ t > «ii >iU (jJa <"di *^ Lo 

TL^L>. ji t mi 11I LLp-i^ , Uj .".~ t ajJsj 4jj"it 1 nit 3juD1 ^jl u-dj^Jtll £y*£ *oJJbi 
L^L>- *ua Jx.Laj3 i_3jj^ L^jI 1 Jj'^ j* '""' ' ■■"*' (_^lj ijJulII l^ j * a ^« ■"'" ■ ■■" ^jylil 
JL>.jj (Jj <u>Sa |jlA (j-<^J • LjJj_C IjJx. LaLI Si ■"■ * a Lg^o^-Lgjj 4 "■ oj Ju-u-^JI 

1 L^L^> ^jUt">o ^9 LfejjjL) r^j-S3 ^jJI (j "j"' ^"»ll d^Laj ^jo JujmJI , \ i» >JI ( ^d 

4J^ lLUJJ 4 as t "t 1 j , (-< a*<j <"< tU 4_Lo j^JJl > — aJI ^j^ic- a ii-SiX I j 3jj q "U 

TIjX^JI i>JLA iAj^c ^ Immune tolerance ^^Llll A a ...11 4 jlo r JAij 

L_o ujIjUiXIj ^^juaj^a I A J fcJ L_a ^j-tJbj—^ <"^i 'h! j ^ s j a— ill i3jL-JuJI 



^•^1 



>oj^l j^^J^ 



- Ju<-u_>JI CjLIjjjjj Juus _ 4-jjl j 5jl ua * ;»Ltu_>.lj (CD8 ^ <i i nj T u^LJ*. ^j^s 
^Ij-^oi ^ Jtaj iaIL J-JJUtJ La juA IjLAj .*Vt L^Lj>. JLcb 3jj gill T L>L>- 

TL>U j^u3 <uia /Type-1 \ -g^ljiuJI *b <aiJj Jli^j .iuljdl 4xU! 

Lbj_jJL*j 5 J '"^^'.' ^ Lj-fJ Lj^-^ ( Jj-**H Lt-*L»^ g-^J-*^ °^ ) °-*J ^"'^ 
^*f Gft 1 3 jU -^ > 1 j a-La-Tte-ILJa (cJl!*j^ 5„1 mi) L| <a *v 1 fl "i B * J in ^U ^c 4_jjj_c 

^Ijllt lt J^j-A Ale TuJJ La-4 .^j* Ij... **Vt j>^ ■ i > t -^ ^-^ j" ^ J J 4"* '.' A * "' a 

T L^U jJa^J Ju^ ^jloUj^JI J^LUI ^UUI ^ JUJI laSj , >_ l^LJI 

4—aXx 4_uUjJ 3 ^jldj-JLll xj^b ul j >>l g. 1 t <ilj tS.Vj, V mi Lfllfi ^-tLJLJ (jiajjJU 

01 VJ .SLjIjJI <xUI <>!>*' (>• 4^3UI oVUJI ^u**. <> laSjbj .4^-j+U 
2u^L$Jtl T LM^ ^1 ^LuIjJI 2ucLai ^Ij^t J£Li^ J£ \&u <J urO^LJI 

4jx^j-aj ^jjIjj J^^ ^-*J 6' Ly t ' qr .'^ *L5j^j Grossman . j. m (jU-ujjj-c 

.^ ^ 4jjIJJI 4£.LUI (^Ij-al J>$k (jy^ tiJjLuiJ 4j & mij 



4«l4f ^tj#t Q)U cH 4NCMI LMftJl (ttMMlf 

5 j^^^La i^l*^-a L>L>JI dHH ^tjjjl a^LLJI Jl^t J^J . JLl^jJI JUb Lo UjJ 
t-jljX, jl < f IITjl (J>uj! '.Ini »JI L^L>- (j-^ L^jLt- 'r-nj L^Jjldf (jrt_» j-J-4Ji V 4<i jV a 

J^eS? j ... r n ; J^^jir^ijlLQUJI JTU L>UJ1 ^^ ^JJ L. .l\jJ>l\ 
L>UJI tf JLA oj^il 1^ L^^u JJL juxl^Ji jlo^JI L>U ^LT I jj Lb 



^•^1 



^>j^\ jj^^XX* 



«_Bj JL9 1 q j in *fc. Uaik-j i j j ±£ }LL>. jl Ju i J, > a >J 1 ^3 I Li * a Ljjjj^j ajxL^j 
4^,1^ 4jLa^M frljlj (»>-4J (jy-> 1 <j i ^ kJLloIj ^j mi >■? j_A La.) LgJI 1 i-j inlj Lfrj _i j i" 

.r->LtJ! yS 4_j_cJu>JI 5uUJl ^ liieJ --'— L$j L ^l\ 5 j A <tl 4^ t a JjJfl aLc 
La J£ (jSLJj «4_ul JJI ^LcLil ^Ij-aV J-LLJ9 L_bLL j-^Lc JL^jj V aLc JSLIjj 
** J J * » 4j^J2t dJUb (j-^J «*LU 5ju>.j ^pa^JLl ' ^*j a **•" " ^j d sfc-lU jJb J*->*jj 

- ' j" I ^ la * *^ 4-^.Llll ■•**! tt .*•. ajj >qJ^/I ifii iC . .. a^ tuLiL^jJ 2\ cj\ " *'^a . d a, \ ^■7vU 
< rtj rt ^ ^ Ijl^w j j j <^j! L^J ^pJl oUjj^jjSUI L^-Lcj Steroids <J1^I 

5jUJLti 4j_±jL>JI L^jIjI jjSJ t4jL5j| <rtflj aJVI L;r l £ - * Lia-al I j LtfJljj^ (^Ij-C^/I 
Lfrijfl, I V" rnj Vj 1 ^ \c ^jjj3jju pLtis^fl Jfyj La-4 t 1 m 7JI gl -^ c 1 4jJLi w ^ 
^ lLILa tiJJJ-£ . I4-JI 4 aelllj 4_^U! 4_>.L*J! U£ ■ U Va I ^\j A t stl^ujj 3jJ£j 

Sjul^Ilj t_»l^U>U a ; : ,..tl Cytokines jJj^^u^JI S^U cjLLajJu 4jj/VI ^jla 

,B L>U. ^ 3jU*I1 aLm^Vi t^U 

3JLJJLC VlSLiil Jl^Lj t4_ul jJI 4xUI (^alj^of ^jl ^l j j, iV) jjl Lb jj_aj^ 

t^jjl tJjV! f>J-H ^j's i.ifl ^IjJI LdJj JLl^aj .(j:j-^i fi i iia-cl ^L ~\ -»tl 

Multiple sclerosis jjuJUI « ri.^H jJ*-T Jliu .3jjL>JLI L>L>JI ^ La^. 
IjAjj .L_jLua^VLj «Uj-nJ l ^}\ (Myelin) jjtjj\ 5 ^.u ^ ,„<^ pUnrj ^JJI 

^^9 jjSJ , Lu=ul j- '"j'S t-^LjlU lJJl^£ 1_AJLjJ_>»jj 4i^w L^jJI Jj^j-ojJI 4_lL^jC 

tjl <rn r ^a j i Si < . m tr> jl , V "<i \ j * LupUS 4_ljjJI ^j^j— ^ (J>- ' o * i i y t*J 1 
jJi-^l ^Aj ,u-»l , rt rVlj gJLl cdJ^j JlL>JIj J^dL^II^ Cj>< .^ttllj (jg-.jKIl^ 
(jjaj »1 ua C.V1 jya J J t "i 11 Ijub . JL^jJI (jja L^-La CjIjl_j-lJ1 ^ Ijl '-"*'< 



^•^1 



>oj^l J^^^J^- 



all 



Ij^_>JI fj irt-wl (Jj-^ LiA 1 nj, l*w j^jlaSj c-3j-j-uJ iT-^taJI ^3 l^al I V~j i nl £jK « j 

.t^IaJI ^jia Ifl i mi) I j I # <i fr lj 

Ja.^ AjjIjJI LcLH! ^Ij^ol ^ AjL^VI ^Lol jjuu j! UjL* Lj^j L*£ 
Richard Burt jjLiJu; j^l£jlJI JjL^ <-dJj *_*j t j j - -j j_iA lj-^5 l^ -^ ^ 
^j^. £>Lc <ya ^jlU 4 5 JLill 4_l^jl^J1 L_j}Uk]I f jj V- ,J Y- - aLjlII 

L>U. (^Lju jf ^u-,..- ^ui L^j * jdJ ilAill 4-uc jl^JI Lj>UJI Jl i ■" .»tj 

. ** "*■ j se ■ *3j 4 aoJ - •■ 4_i£. l_La 4^jIs a Cj 1 J 4^. LLa 

-■■■*'* L> ±j J u*U ajU 4LHX! 4-uijukJI L>UJI ^ -a* i^-....tl L>LiJI 
JiJj ,>• 5j^-l^ oUL 1^1^ Us HSCs aJlU 4JLAUI 4 jr^T! LM^JLj 

L^L^JI dJLA J >. jj {OJ .4jjpajJ1 djjjJI ^1 a Ha * ! I ^aj ^3 (jyij-s J?l L^aLfl-fl 
4 j f LiJLI L^L>JI t ju» w "» aj <f jjj^ (^aj^JLI A-i ^j-a aJlLI 4 *j mi i U 4_j_CJLj>J! 

JiSJ 4_JJ.>1 JUJUC j^iaj^JLI <_ T laJU i L- >iajjJU ^j-a aJ-LJ 4 1 mi ) U 4j_c.Jl>JI L^LiJI 

£>UiJ (^ajjll o^>*1j ^Lp.lj . 4_o ^ Sj^wjII ^^dLUI 4-i^Lai Lj>UJI 

ajlU 4-L^Jll 4-l^jl^JI L>UJI jLLi ^ 4 ...^ ^ji^Ji j : ^"t ^^-iyW 

HomingfyiuaVl ^jll ^JJ S^j^JI t_x^ 4 j <^Ufcj^ i^i^jjJLi >j ^1 5LULI 

t LlJo j j Luj L^J ^j <t i 11 dJtifcjua ^\ mt"tj j Su ■ ■"' tiJLijbj t>i Inttl ^^flJ ^J} < ■ t fr.Vt 
.1 in'w l uu-mj .4 t uali 4_^-lL-u 3jUJ^>. 4_tX.l_La U]M_>. , -Jl v-iL-a-JL) t J_ij 4 
. r * a <uJ L ^ ^" L Jaj) >-,lrt Jj i ■■'*-'* t^JjLJteJj p j L » T I ^^^.LLLI ^j'j ^ U-UjU ^jiaJijJLi 
m^jIaj ^jl T 1 ^ T V J ^ ^J J ' " -'J L)^ 4 * <ojJJI jjJbj-^ 4JL>» (a7 J9 ^' *^ . U La IjiLAj 

. JjJ^Vl 4^loJ! IcLHI J*\j*\ ^ja> ^ 

' •* 4 



^•^1 



>oj^l J^^^J^- 



fVl£ (jiajj-aiJ I JLv Sr*i>^ ^^^ — <jJ* L^L>JI *JLA JL^I ^ JL»V L-ajI 4C.LUU 

^ jjuai lt^ji j^jl: oW ^ jvi3 .a-uijJi JLcUi ,>i>^V 4^>juai 

4 , A~* 1 1 - (j*-oVl <JL_>oLj AJ-aj f*J tt'ii m mil ^yS (jjpA^ 4_j_c a_j>Ji Lj^L_>JI 
t^SLftJ 4_SjjU1 diXA Jjuanjj . 4^>Lc -iljJU J l^aJI ^fl _ Lla jh-^Jlj 2L-C Jl>JI 

^pJI 5jIII ^j ^Cytokines jy ^j"- : - n SjL^j.-ijb *LiJ) ^ ^jjJl^LJI 
4-3^ J-ub-fll o 5 ±033 .oLL^UVI sr^-^j CD4j T LcLUI b>U* Ujj-C 

<M moj fMuLafT J-4JU ^a»L>. J 1 n" 1 u fl U"H5>^ ?H-^ C^" J^"""^! J^ *LAjjjIj ^IaJ Jr 

|jLiia_« LUjj^j y*_>JI Tuij <jLj jl CjLjI j "tVl iij|ju>.l jjji ' 4 « ■ ^jj _ 4-LLa ^B 
J^j* - ( 3flJ*ill ^1X1 ■ j i 1 , 1 * mil <JjJU L^ _ L^ijjuj Laju-oj-3 ^ij^jjLXijJi olJl 
pljj) JL>.] JT^Le ^^ ^^^^^ ^JUfc <"i a V V"i ml JL^J . l-Apl * t <ljj L^JjjU^ ^j-* 

.Murine lupus ijjjjl J*jj* 

4_3e_»tj /<\ nil ^jJ! ajjI^j>J1 fj^a \jtj^±£.j Cj\ -Jj J^^J w J «' ^ ^ 4ju»j-C JLu«->Jl 
j *jj$ j 1" tj IjuAj ^j '"^ JSu 4-jIc p Td" 0' '*''.' ^ ^-^ iJin^ll ^^Js 4-cLltl t ii 1 1 "r> 

.^JlU 4lAH! i^JL^J! L>UJL £>UJI ^ 4JUJI iijlJl V3 ^ {yu± 

<LjX. J_>JI LiL>Jl J* >u ^^jJi i^j-saJ^jJLI j ^ *■ 11 Cjlj-iufc-A »1 to£.j 4-^Lo-C L-t^ul 
t^yj-uLi-u^rl I ^"' .iJ J-Aj tAUoAjl r ^» Aj9 Luaj > j Jlj ^ r J fl ' -W "*• " aJJJ 4 1 ■ v* v 



^•^1 



^°J^' JJ^^^^° 



4_ul JJI l^UI ^I^S/I J*Li: <^dj^ 3jL} ^ULj , JS ju^*1] 2L.LJI icLUI 

^S j_^_>JLj 4_j„>.Llo 4_>.j ■ 9 * 5 a n_JUjJl *"" djl ub a ^j^o 4_±^.Lu3 4_a»j JlJuj (jl 

^ *-2j Lo Lloj-o £-JL*J u^ dy ^^^ IjlSLaj Jiip^ 4_±^.Lio ^JjLfl 4jLjJJI Jj-Sj 

4_%_loIj 4cLL« b^L»- ^5-^9 >JX. ^j_4_*Jaj J i^iaj^JLI a^ ^ya SLaiilj 4jj^_iJLlj aJlLI 

^jjj Lo^a i^y^jjX\ \ "■ >■ (_jJJ 4_jjIj 3^-a L^JLioj -}L*j * <*j ' ■■ i4jtuJL£ L$j 4_)Lua^a 

. 4jb>- (jr^- ^fJ^ Sv» 3jj)U^ J \ i"i^ i^jIoj^aJJ 3jbJL>. j^j <j^£j ^1 




Lj>Lj>JI aI j^ " i-ulj t%-*1\ 4_j_U-c <:Lul L^jjjl^. j^jJULI flu^Vi a jjt ^*\ 
Itskovits - Eldor jjjJI j>£jJI 4l*ja La ^aj l fl: : r~ d£^ iAjL ^ ^lAUl 4^1 jl>JI 

tj;^j>J Embryoid bodies 4-L^Vl a ^ j ; - - ^1 m-wl ^^ L^La J.^ ^ ^ tJ t'^U 

jl LlUj JLaj &1U",..! aj tCJ^Lil! 4j1l1>JI CjULLJI ^yA Cj^L>. 4j^i>. t-u^ljj L^1>-Ij 

fJ dj aiAai sue jl>ji Li>uji oi ^jl^ 1 t>^ * ^ c 1 ^ 3 r -^ ^ AiJL1 ^^' 

*^jl>.I 4^iCJL>. L^L>- jj>b^LJI a i>*n nj (_d^u I JJ . Jl^cjo ^£- Lfrql iVn nl 



jSUj (^Ul 4_lx. Jl^JI LM^JI ^Ij ^ 5 : ; : ; r n <^c jl^JI 4_JiJI ^b 

Jja 4_j_cJu>JI L^LkJIj 4 jiji-^ll 5Lujojjj-j>JI Lj}L>JI LaJUu ^Lj aj .SlcLII 



'^•S\ 



2^jl\ jj^> ^XX* 



(j' Uj J (J- 4 4jjjJb CjIjj-oJ j y ^ 1 1 ^^Ja 4 tj fl ' iu '"-■*"-■" L$jl 4_U_i_L>JI 4_j_c JljJI 
5 j a| 3 4 j 1 ui (jyJb Jjfcj i ^hL)J ^ <3jl r L_aj.t "11 Jfl tnj L4-A 4 j j t*jll LflJj irij 

2L*__«_ujVl 3^'^ <■. i ^J^a {j^jj-il 4_Jj£Lll Cj1_Li_>JI 1 J j * (Ji-JLJ ^jt-J clJJjj i4j! j 

i-iLLs y^l 3y, : ; r H i_^cju>J! b>UJI Ji L*£ .^^^ MHC e^jJI 
2u£.Ju>JI LM^Jl^ <j*JL_jJI L>L>JI j^c Luijj La>^j ^ aJj^.i >^j ^jlh°J 

Stromal stem cells 2Lu&Jl»ji Uj^^Ji L£U. fi.tWimijr 

Lgjl-Laj aLIoaJI (jr^J oUjSLs m£Jl_>.J i4_j_4»ji^JLi_iJ! 4-j^c J_-n 1 1 L^L>J! (_^J 

Ijuj iL^Lo (JJjj j ■ » a Lui LiajjAj ( jjjLiaJtJI ^ Sjj^^JU Chondrocytes 
^ L>UJ| ,.u-. - t ^~...M\^y \ m \\ ^' A jj^A\ 4jLr^j Allay J. A. j^jJI 

c-jiJi |JLA 4J3 A K mi a ^5 Jlu .^ C ' AjSj^ill , t . .. -sJ 1 4£.LLa ^ J^Ljlj jro* Jij 

LdjLc ^j^lSLtlj j p »% 1 1 ^£ t^ilc- Jol a^Jlj 1 fljl i-LJi ml 4jjt m I j£j t L^L>Jt ( j- 4 

.A^jlJJl o^UI (>lj^Vl jr!vU ^ I^IjV-,,,,1 ^Lal 

S4at^Jl L>UJI 

Embryonic4_Li-LL>JI 3irj »J1 L>LiJl lt a 1 1..^ -w. I ^; ,,.^1 tj! -^>\^ 
^c Jj in-NJl ^ LJL^ ujt;<nj urd^LJI ^^^ju jl 4_^jj ^1 ( stem cells 
Universal donor«L»Lc * j^» a» w n - -j 4_i_Lti>JI 4-j-c.ju>JI L>LiJI (ja fjj 

4jj" Vt Lcj VJ j ii ml jl Jj-- ui jl ^yz-^i lTV tl>^ ^ ^ 1^1 1 1 1 jSJj ^Lill JSJ 
, JjS .Utl ^Jjfcjjj A3jJuS\ it a Jjj 4jjuu^_1jl)I ^jJJlIj j-«ijl (j-A L^L>J1 #JuA oLLl>. 
4-jJihJt q-a J ua *aT (JJlLa Jjkj '(j-a»j--A m^I «_^a J«^" jt L^J (JJ J J^ * LaLoJ 

Jj L^LiJI />_» 4 > rt iUII JaJU>Ji Cj>j_c. Jaifl C 1 /-Ul «_lxjlLjJ1 4j-CJlj>JI 

aLJI w ^*^l 2Lj-LIj*JI 4 jr j -*JI L^L^JI 4?Jut .j mi ill tj\j 1 ^"1 1 Ij L^jj^c JLaJ 

L«l L*JJj AJJJ ,3L_LJ>JI JjL (ji-C lj^L>- uV^Lu ^^i^. I ^La J I n T \ J I flj ^1*1 



AiC'^l 



^°J^' JJ^^^^° 



jt ,1 ,,, y]\ (jJJ Ji.JJ jrlLX <±*J-5tJ MHCS 4 T inlVl Jfll^j (jH-L^Vl L-^jil 

L>Lk ^1 , jljjl^JI ^ UJI urtJij>^ <UL^JI LM^JI *ju* Jj^Oj urp. Jiil 

jijj 1 fll^r ^J Lj^L>J1 ^ »>>^tj t<Llc 4_jj^c. < " < mij Tj <J 4juLj L$j1 ^j^j a t4_Ls» 

*l£j ^ 4jjljJI icLUI ^Ij-a? f.j4^ t>8 ^^aiieSj tiUjUj **ljmVl ^ *L>>jJI 
u *i *■- jtl 4_Lj^J9j R. W. lOsorio JJJJ-^j! jj'^jJI 4laJS La iUj in lb l.lAj 




iiC^i 



^j' 1 jy <£^ 




r*-M 



t>° cH^-*i9 f-^ L>^ J^^' O^LH* ol 
^jjoj^g ^B U>Lp-1 ( J>.JLj UJaul 4JSJ («^2j9 4j1 fl£ I i ^ A j 

Jilj La 4j! (jj>ol*j V 4 1 A 'j '.' J ,"*~ *-r*i>-^' (J - ^^ 

5LL_«II ail-* J£j ibljL -kVI aJuA J£ J"< a 

{j£. '*"•*• Jl ^^ LgJij-al (j-4 CjIjLjJLH j* u L^La 

aj j t^ j^ mil t _^j_^a ^jl a^IjJIj . *JiM <_jJ-C L$J 
fjl 4-i£J ^jVl ^ ^oJ VI >A La i^lj-^Vl Jja 

j-j! ui jl (fth * a ^^JJ , 1 " o j rtJl <G1 J_j tAjlj 

j fl t-uJI j «d ^£,1 JLjj 1 jg 1 » jcj La-4 - i > — »Jl ^LctfjLC.! 
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Ll^j Vj - i t i ,m Vj ^Ln V I < j l« -» .jj ^o -nI Ij ^ uiiL ^u.l.Vi j^ru: 



c£K A « ^1 jLuaffl ^ <^ jM c>> «^ -">« 



^•^1 



>oj*l J^^J^ 



Ifcjlall 



' j j 5 *J (jr-i^- LTV cBj-^ ^ *— f>i^ L^J-* J^J * ^-^'^ 4_lj_u_L>iJI 4 ±\ o t! l (_y^- 



11 

L^LLJI <y3 islets cells L}U. 



ya LMJJI JjLSj ^.Jl I jjt <ya J^jJI jfj <3>U~c. >j-^ (^ £>> J^« 
e.LU 4 j n^ (j^ ^SLsdH ^LJLl «^j Lij ^ *» jlJa (CjL^SL^j ^j^q 4_j Laj ajJI L^JjUb 

Cj1_j_jJ*j>. jLiJj ^ i uu tfl_»l ^LcL>- _ 4_tL>Jt r 1 *■ g ^-^ ^1 >** ^* lT^J hhVI 
LoJljuj *4^UbJI t* LjljJ 4_lLmi 1 uaj -^^ t 4 <a j A cJulIbj I ^jlr ^J-Sj iSj'w t^jlV 

i^liL c-ujL jl ^iLtu * 9 j * - j * a « (joijj>JL I » ^•" dj aJ Ijt3 *3uj>. cdLLA ojISj ^j-iL^j 

* ^ jj j Jj t^^ Mill uli£, A if u^L>JI (JjJu c_Sjjji . lcjj>.j 1 Milnr (JJMJ-*J c_3jj_u 
(Ji-Juj 1 flj C J ^^^ 4. m tlj tcJLI Lj^->- ^pLjJ (J" 13 * (JL>-^^ ^.jaLLiJ! O^^J * 'fli r J 

^^jp^jS Ljj>^ 5 a '"-• j& A L^jI (*^J cr^J tSjujLC (3>^ p^^SJ O^J^' '•^ ILA tJ^ 



LUU 



. 4_uljaji 4_LjjJLl^Ji f Laic \ 'v>j '^ ^- - ^Lcls-II L_>J f c5.J " J ^jrUj-t-iuVI LaLc-i 



^•^1 



^>j^\ jj^^XX* 



I jufcj posttranslational protein modification «4 *>>jJJI juu La tlryjLH^ 
L}U. ^ Sj^^ ^_l£ j-xkJL ^Ij <4^j!>L_a_uVI 4^mUI j>*jj VI ^ V 

^_i£, f^j* tj muQ U^JLh 1 ^ ^ ?"H-^ L>jJ' J^V -0 ^Vl < .'J*\>^ 4J<aj_4-uJ L^jjSLJI 
^1*4 \ J I * ^jJauj-U ^jyJa (jJLstt-j 1 4 ■ ^ 4^Stt-xse uaJI 4 "i nji^^ ^^-3 j^Jj L<pa i^uDU 
4flK"iH *^jL*- (jJJ 1 J-A ^j"Lkll <y3 4a^jL^ tljUaL^lj Cj>Ljuu ^jJI ^LL*j 4Jl 

.4^ll>V^jL**£Vl 

juvenile - onset diabetesji Type 1 diabetes jtf^alt ^i jiL*J» *t.» . *i 

J^ui i^lljij lj''1^ j A f^ l JLj3_^ . 4-jjlAJ J m^Jl L^L>- J-U3 ^^mi jL^>JI L^L>. 

fj2Z islet cells j>>Jl L}U. o! '"'j^'l^ t>aj I muni ^ LLuL j-i *_»j ^oJia 

.(_p=>jjj ^glajj ^/dj-MiJ^^ L£>*UJJ {JaJb^Jj ^JLjJuj i4-MiJU 3j ^-"> ) a lj'-^' J^J 

Adult-onset diabetes ji Type 2 diabetes jUS3\ ^jSLvJ* *i.i_ T 

Utjjlj 4J jjt L*£ (oj>^ l£^j) o^ '"^j u-"Jl jW^ y~f ( -'J ,r> J >*j 

aIjL-SC-J mi <jX. J '■■ gJI 3 T *J * * ' J >• *— iJljcj pj-^ ijk-Aj 'L-^JJ L^JjLc 
5tlij Loj (jlsj-ll aj ajJI (^ j^aliJ! 3-iLj tillj ^^ yln*^ i 5» I <i*^ > ^nJj-4Jij VI 

. t _p I mi a J^a 4-lc 

:teJ>-JVlj»lJL»ilu/l.\ 
ijil (jrJ^- j*v i nil *iljJ rftjl-i Lr *aj-"rx r^-C- t>a La 4JJ J^-Sj (^^jI^JI jJfll^JI 

IjJ >L o ? ^=*-> J*ji\ Cj^ ^3 \ (jrycjJJlj j^ 1 ^L j dH» >• ^ U' ^! 

i L-ja jj Cjlj^>a SjLC (j^J <<i tVl JlxLj ^jl < t yj J^Vl f-jJJL ^^^aJ^-l' . Q^-lj i n i V I 

j_>-l uilijuSj ^jia_jjJjJlj »1 j_t II r* j ki *'" J * j "' I j A ^LJiJI PjJJL ^jJaj^JU 1 al 

4 *r \ **n OJujsj ^_ZiJI £j \ n c\ t rt 1,1 ^*S ml! ^jJajj««e ( . i ) st *i j dll juj t^j-Uj m >VI 



•^C^i 



>oj^l J^^^J^- 



frirVnll'kilfrH 



j^jS lull *ljJL *-jl <r> ft (J*"*^ ill ^Jj AiLi ^j/lV mi (j-* (J-*LS ^j-«L^SJij (J^-U 

juj *J (JiiJI 4 jlo r Ij^hH t>«^ /*AT Laj^-Sj jl>Jj aLc juuj *Type-2 f$J 

*J J'"- . '** — j^ 4 ^ln r dJLA J^-i-H **^n c (jl VI »^Snill fj&j^* ^jIdIj-cI ftg jlr 
^ j' A C L^uajl Jj < JaJLB 4 i t i rv J 4 a iS A '"• ■ ■■ jt j^6* l Q^U * u^ 4-».LjJU jl 

j-^« U ' ... ^tt , u, At 4jjL-t_jaj 4£.llL1 JfiLiu© a J. tjj I jl A J^Bj ' a Vfl - " jl 4-p*LLa 
4-ajLi-4 ^j-a i la ■ "" cZjL>-^Lcj 4jjJ? J^V ^uajJLI g V j * j La ■ <a J La-4 iJUJU»JI 

3*lj-ct SjLt j) j j -•' 3j_*J q-m-jJj 3l_xj>Jt ^Jua ^£,Llll jL^-stU uLa-j-jJL I *ljjJI 

^ J^-53 4j^LSL1 aj j<m. II frlj fjM -T) *■ JL_S j^. iyll (^^aj^-a 03^t? '^J 

'"'^'JL? Z A d*' - 1 '^ 4-J-4— >»j (_ 7 ^l l '■■ >JI ^j-uIj-j^ 4_jjLaE-«j 4_cLltl Cj^LS *■ A 

tislets cells Pancreatic ^L^b^s^ijj^Jt L^U^UiOwi.r 

^uUjN irll U^Lx /Q^JuLacJ jA mil f.\ JlJ aAI '^J^> TT^-* 1 <jy^ ****** ^ O***! 2^?° 

S yoi) 4^cLll .Uj ,Vi 4j3jI j^ c^w ^1 Ub. Islet Cells o^><-£U 5 T -,;» 

(jr^3 - lt^^^ j^ fl y^ 4U1" U 4jjj jfl ^jl (_yAj i^j—tS StC. 8 :. 4J I j ^ ^. jj a^J^J 

U^J ajj (ji^ jrUj-^Vl ^ 5jj-j^ cjL^ (^Jl Lajjjlj rln^u - Steroids 4jpl 
jjJj ^JLlILj 4_cj_)-m L^L>J1 0JLA JaL^ 3j-^ LS-i-Ci J-^y I j^j .(jiaj^M S^L^c 
4-5j^j James Shapiro j^jLi o-^*^- j>^jJI o' ^ *^^^)" L^Li^ ^ 

4 T nil Islet cells q»Ij;<m1I LjM-^ ^ 5 j : .' c '"^ : i c : Type-1 l^SLJI 

Glucocorticoids ^Ljj^jji^S^liJl J-a ^L*j 4j^j1 LaJLitl^^a - (jrJj-^SU 

Jji^ ^.Tl (J^Liw* jjl Vj . j^ 1 nil (_ps>^ (jIdIj^.1 LajIjI (_yl^. <~ni"<^l SjLU-a ^jIjj 



^•^1 



2^jl\ jj^> ^XX* 



.Ductal cells^u^u > ^UJ«3LLflU^;u,a< b^iyi -t 
(^ Id^j^i t-Jo Jb Tarek H El-Metwally ^jill JjU* j>£jlII J.^^ 
j^v T' -v ^L«JI JOP. J Pancreas ^L^liJI 4Jbe_^ <ya o>JLi ^1^ ^jLu 

ollaj ^ t>o £^>il ^*; rM— c- 1— a.v 6: ^LJJj ( Retinoic acid lil^ L ijjjl 

4Jj! j>>.j J^jvV vi*o^ t 4Ur dJiil ^ <ij-^> L^ |( "-: *■ 4^*^ .^L^liJI 

aI, V V" ml (Jj.fl Lj}L>JI dJ-A LxjwjJjjLj 4_t-uljJuj J^j-jxVI Llilj^aj.-^Ji ^-ajuj 

Ijl^. 5 ^ ,^ ;»-, ^ Lj>L>- ^41 4jjLc Lj^L^ ^ cJ>j*jj Dedifferentiation^l 
L^LiJJ fuJiiJI j i uall ^ Ductal cells a^L^iJI cjl^iiJI L^U. J\ f^» 

( _ y IxL>J I ^jalJuJI 4 jli r *LLjI ^^ silllij t^jiJj mi Wl I 4L0J oUj_a^_gll 3j^_dJU 

tjl ^l .4 q inL^JI cjUjjJ^L! *jj all Acinar cells L>L_^ dJJJL-£j »j^' 
1 ^ , ^> , ^ ^." f j_^ _ ^pljjJI L^jc-aLjj-jj <— ij-4 jl£ ^tj . ,/«\l t 5 -». j : t J islet Lj^4->> 

^iii ,UrtQ> LJLc O'i*^-^ ^^" ^i>-^ ^-i- 1 -^ j^y 1 m^H L>L>. f l^jl J^ 
LM-i- <j^j jijUl aL*^ 5^jL2-a Islet stem cells Ate \y\\ jjUj^oV jj^w 

•.A _ ^Utl j ^ 1 U L7 LlL>J1 ^^^ Ull 4 j U r ^Lul (^P-11 lt^J d 1'"^ U^ \'^ SlidJI 
cillj ^ 1 flic j j «j ^^oJI CjLLi_>JI 4^£.jJLj 1jl£j 1 ^ *-±£jJj ^ J t-uL^SLi jJI Slllll 



^•^1 



>oj^l J^^^J^- 



fcir'^Hfrilfrll 



:»-ji-> ^jJJ j jItn-LI ^^^ J^jUmjj rtmiiri ^jl y jlVi i n*i Lgjj^ (jj iuLiij I^jI l^<ilnr ij 
.(Jj^ <jjo (Jj^l 4^1i» (^1 l^j j i <Tn aJ 4-ii^a t^ijL^r fr^j-ii lo^S LMiJI P- t^jT 
jj^i 1 ,' ■ " «-*w* ^j-sauj-ll 4jL<u^*J 4JL_*_a 4_4_La_>t QJ # - J ^J <j*X>»LjJI (jj-^ Ljq->03 

- JuV t^jJLJI *1 JlJI ^j^s rM£. ^ 4_i£. Jl>JI 4_iL>J1 a, l VJm.1 L7 ilJ3 4^ )■■■«*■ 

: 4_uYI Cjlni^ljJLI l#j3 j^I^j (jl - I 4*<>» 

. LaLaj lj unit Juju>u ^^ic SjjLb <jj£3 <jl _ 

<m 

- L$3j_L*a£ i^j-aljih. ^ 4j V "i oTt Laj (4jl1LjJ1 4_jjCJu>JI L^LkJi ^yAj t^jUJl 

' '' n L^ Li5-S _ fj n I "" 4j l,r>L>. (jy-Aj i4-JjuJL>Jl 51 LMj}\ <.**M V (JJO 4-L0 Cjj Mil (^JJl 

.Plasticity 4jjjl1]Lj . 4-ajLuJI j^^^ti ^ 
LM >Jl j^o p^j ,j\ ^jJ ^1 oli Tl t jjbj (jja j^ju Vjl mJ oJLla jf VJ 

L*)L>. jjl aLu UjJ i4_j_-CJL-p«JI 4 j l^Tl 4_^]| j^jI a, "1 (jl < . i au ^ ua ■ *a as " t ' 

: LM^J! ^a {\y\ 4-*jjI <jja u^3 islets cell j>>Jt 



^•^1 



>oj^l J^^^J^- 



■ o>>Kjltll u^^a j^Sj (^L^iJl L^U^'/YOoJi*]) Lilt L£U.Y 

.pancreatic polypeptide j^ Y.\ • _ > PP u».w L^U* _i 
^J| -U^'a j j\ ^~~ 2Lj£. Ju>JI Lj^L>JI J* -vu (J^ia ,.Us*a ^ t^ , ..Wl jujj lliSLI 

Stjrd^lVl jlj^j ^ 4Jjj-lJLI beta islets cells Luj L>U. 

<ji l>Lui La-L^ * LJLl^L. mA^LJI^^/L^.ll ^k^ 3 Bernat Soria 

iJ}j->* VI u^L>JI 4_cj)<i ac a *-a 03^ ^ i *'j a- 1 "■ jj u^Lx dj^-^j (_£J-II (J*-Jj) mi VI 
I g j '"i j>-ij t^jJjVl :(jrtli>.j-j3 (jpLc (jrpj in'iVl jlj— flj jj^JJ tl—JL^. (jj^ 

Ml 

>Am ul£j U-L^j . I j^ Uj>-^ jtaJj-^VI jl^l tj^j ULc jj^iiJI j^>3 

jj^j La I La . ..j" ^ (JJ^J ^1 tclUjJ I i da ^jriJj_ijijVI jlj-^J (jjSj 1 ^ '"j" A jilijJI 

Jjo-aj ^^iJI tf-JjVl L^L>JI HjJl ■ j i "^ u^\ jjLq-jj 1 fll« ?*"* aJflj^_Lij 1 ^"laLuo 

.(^^jfcJI ^KJI JLi^v J£ dJU^J L*^ jl 4aJLiJI tfJUp 



iMice Embryonic Stem Cells jl^^LJLa^Jtwu^a^f UM>Ji-^ 

^ urU^JI j-q-c o^ ^ ^A 1 J_^' - ^JD^ 1 c> M^l J^l LM^JI 4-o-lL 
( Lj^L>JI (j^i 3 .^.^^"tl pl^jVl y-.j-o.^ ^1 ^jLajJI ^^ SjJLoJI L^JjJ o^ L^ 



aiC^i 



>oj^l J^^^J^- 



'k«£.kaJrkilaJI 



^_jL*j__iJiV jj-^ LjMj^ ^Jb 4 <^ i^ V "U f-l^jVl Qj^" in 4J1— >J1 aJJb ^ySj 

4-j^j^ jni^Vl j^ ^1 LUj L}U> (hiM yjlj 4_^L l> £LlJ! Islets Cells 
u>i^LJI olj L. I oaj . j^Vl oLl^j^J! j^j ^1 j^Vl iMill LMJJI 

l^jlr Ja^Lstj aj iSj jX Iji&j 1 J* * 111, tl QJ-**£ O' g J k"' ' " ' 4aajgjJ I 4-£CJu»Jl 
4K mi fl <jJ-C- f - ^ * " ' tj ' st-> L 4J 1 j J J Jlju aj * L^Lj>. O J^L-Uu (^ j t "i -^ U (^ 

. Lgj Ju-uj>Ji ^LajLaaj 4x.Llll 

Cj^jUu ^jyjJl u^i->Ji jLuonLj (^u>>La1] *■ <j 1 n" (**ij ir\ LjjIjj UbjJ.-LC mj *jLii 



jrjj^^Vl fjy>. JjLAaj U-A>L-dj^ iGalactosidase reporter gene r,jM,.iU 
I o^ifl J£ j-i-uajJa -^ ■ ■■*'« j^Jj-^Vl o^ o?-> Insulin gene promoter Jai^ 

JjJudJl IjL^J (_^JJ1 l^JL^Ij . Jo-SJs w "'.;^ .»WI JiAll IJlA 3j_a1 Cajkj ^LaLc 
4 Mini ^ftJj i mi j I (j\^. ^c X^ J*i*^ (*^ *^° °d ' r ^ i«j jj-J (j^-i^>Jl ^jjJlA ^ji j-A 
tjJ jrdj_ijijVI tjr^w JjLJla (j? < trim it ^it-fltj )5^jU^1I j! iljjcjll LM->JI ^ 

^ Ji uill f JL-jJ iiai^ JljJLxC-J J ^ * t£ i4_u^l>Jl 5Lj^CjLJ>Ji 4_jiL>JI > j < ^ 
(4j jg L n "( 1, 1 tjh m -^11 A p^ j-**-* o' cPi' V^ 1 C>^ JaA ^-^ (*l-i L«J iJ-4-JtJI 



4j jJl3 U (^JJIj tc j^uu-uaa-jiJl (j^ O^- >^ ^ cr^' Ij^C-L* \$%j *y L>L>Jl 



I^JLxl tiUj JUU -^tj ...Wl tlr^" ^J"^i Lr^- (3^-^ - 4_ojLjJI jjUim 11 ^ Loj 



^•^1 



>oj^l J^^^J^- 



j&udl u0jJ>9 AboCJAJl'^LdiJI 



fi 






(J^lj-^l ^L^JL>-I IjJU^i) '(Sj '" *'*iJ t— jl M3 a jLJ9 JLaJo (J>"'-S (_y^ LAj-Cj^J 

(lov-)oo) f Ml I • ** tl 

5>jUi* Lj>L^ (jjl 5 : ; : ; r tl ^jl^JI L>UJ! Jj>~1] ii>U ^Sj>1o <^LlA 

^ £ j-dis » Y • • 1 f[sl\ Ron McKay ^ISLo <jjj j>£-s Ue j»£ t( jrU>LujVl j^ 

«i4> j^^Ll ^ " -*,*; LMJJI ^o ol t * VI (jjbj Embryoid Bodies iixVl 
5>^ ^aj , (M) ^u>UlJ1 a .;.; r n Su^jSj^JI oLiJoJI ^ 4 i^ULl L>UJI 

^B ^_>Lfej sj V j^ >. ^JS <i ^1 i^Vl ij^| >J| 4_i ilij < .j ^'j" 1 jl lZjI t_4_^KJ 

ojI t- "i ...Ij <-< m >^t LM vtl *JiA (jfj -Islet -like clusters u ..^<: .!t 

Lj>L^ jj^a J^! iIjIj h< i {JUj j^J ""^^ ^JLH 9 * 1 -^ Qj^jlin ^jfcj-JaJI J'j" • n^ 



iHuman embryonic Stem Cells uL-u^SLJUi^iSuca^i U3UJ» -Y 

L>L_iJI l^ti-'i ,..! tLy iLa; Jl 4-Sj^j <j>-^I 4t J »JI ^ Benvenisty N 

4.1 ^'ar'fad u^L>. ^Jl Cu'u i u-H /^J3 JjjJtjj LAjIatkj i^jL_iiJ>U 4j_Lj_L>J| 4_jX.Jl>JI 

(>» t_4>^3 (pJI .Embryoid bodies ii>.Vl ^., .'■■ ^1 ,.. r Vl* cflj^j La ^ 



^•^1 



>oj^l J^^^J^- 



irOj) i ii tVl tj^-^ ^-«-*u ^ j^* c lt^ j . • "j PDX- 1 ^ o t nj (lr^ (j*^ j .' *" Mj' 

. ^y* tj . ,. »M t 4 "r"iiU 1 **■ jj b^li J^vjj „'**U A ^Aj-^JJ '^ J'^' Ji-b ^-'- 4 ^ 

lJjjuJI jjj* j 1: j^ Uaj Glut-2j Islet- specific glucokinase : Jli* LLu 

i4u^*VI 4 fl j i ili a! hi -^Vl b}L>. (^-3 CjJL>j Lj-ij L^li jjl b*Jj * l>fil 1 ofljlr 

4^j.^, ^Uu^Vl Jib LuUl3 ^jUu <^J! bMiJI cilfi j>» o*U LLu LMi ^1 

(j^a S>fj£ 4i i n'l l^< ii aj a| i ii yj\ 0JLA b}Li (^Js jjl IjJLjkj b*£ , *> * J 4-l^.jM 
* $±l mi aLma^-jI L^Mi pJ-4-a=-A ^a '/V — \ 4mm "j LuJj-tuJl £H^3 ^ijl L^W b^li 
JLiJljsnj <j_a 4-5jjj3j ItskovitZ j" /«j< i ujl ,j$>xZ ^"' >■ M-i^L (>LJj *Jj .4_L».Vl 
dUi JS. (n " } j»Luo.Vl ijUj Jib urJ>^>U 4 T nil bMiJI J^jl^jx^jjj 
U^LiJl J^a LAjjJU CjjI (jj^Jlj i4-L>- jl 4 jjj mi a! m-wVI ^^yic Sjuiu £j r,Ml ^-*iij 
■ljjoLpc-4 ^j- 4 ^-^ ^°J) ^ .' " "* ^ L7^ «-dJlij jLAJIj ^jL-u_)VI <^J3 4 Hj'f^ll 4 j r J.^ 1 1 

.^Ij^Vij JUJI & ^jil jt ^LxJI *1jJ £>U ^ ti^LU IjJ* Ji*: LMi 

jij^* Oojl (j^>- 4_*Lj^j3j axuu e-jjbseJlI 3 t i h t U L_)jb%-oJI jrni Cj^bw /q_j 

.^^^JjjjjVI JJ-fl3 L^Li /j ^> m"\ J JjLqjJ ^j! ^jS <1J ^jL-ujiU 4jM|-»»H 4j£,JUPnJ! 

j>^ LMi <> ^>^1 l^h^^I f:^ 1 ^^ u! 'jl^^ H u^LJ 1 u' ^ 
LiUJI o' - Ujuit U^.c^.i^.lSV^ Llu LMi J^c ^ ^Jjbi: ^b^-LJI 

^1 U^ a^pi-j 4bLi l^jo r oj^ <jf +*> (P p j ^^i LiJT) ^jiVl 43>liJl 



ilslet cells iaiuii ^UjS^JSj}^ biii . r 

: Islet cells Adult beta AiJLJf UU-) j>» bMi .1 

liu) LjMi ^ l^ Uj ^*lUI ^ Islet cells ^b^^lJl L>U cjl.;i,nl 

^j Jlc urjl^LJI ,>• j -Jia i jjIj j^l ^>UU SLLj^I^ (PPj LUj_« UJtj 



^•^1 



>*jl\ jj^^XX* 



f LJI I y.jj A^tK ijL^Ltj J m i-* .11 ^-IjjJsj Fred Levine uryLJ ^>^ jj^jJi 
JLxjL l£U jj t 4j^ m. ill 4-j uiL^S lJI islet LjM-^ ^*-a>j (j^ IjJSUj Y • *\ 

Lj^i >J1 <?JlA> a! . ■■ S il ^JJ jj;j| \_4_4 t Lj^L-^-Jl ^-Uj a^JLj-JV ( __ t 3 4 * J * A CjLLj_>. 

&JJk Jj-^- J^ffc^Ut 4jf -i-fJ ^Ij ' nJ J I ?u!3 L7^ ^^ ^^^" ^ d J * L*^ * . .'J 

4_2jj-£j 4J^ ^jl Ja»-2 t L^Jj4 u^L>* <-Lau>. ^jJjSjj j ■"■ ^- 1 1 ^9 LgJ L-jJuLu I j Lj^M^JI 

(^jLSJi ^SjujJj (UbLjj ^jjo tlr^j >"*x\ u^- %j-uj j^£. J^aj hi 1,1 j $'* iQjj u^UnJ 
2UjlUI LLu L>U. IjJLi^l aUjuj .^1 jrti.ll U >>.ti Ji^j ol Ll^JI jl 

t lj-cl k" "■' La I j * * I jj ' > 'j j t '*^[l ^£ I A y* 1 i '**■ i ulj '(j* \j "■ iVl (j^u L^ljj 
djub ljJJL_>. Lojuuj *(jnlj) Mit^tl jj-^3 Lj^L-i- ^Jl jjLu-jU 4-L>L-£ Lgjl IjJU>-j-B 

igj"i 1 ii 1 1 m ■>"! i u*i j (j-u->»j Lj^L>JI ^jl Ijjuwj i4_cl_UI JU t a jLJa ^^ L^L>JI 

> 4 K m. t, I tfjufc JjJ jL-u^ |»jl^ ^^k. LjJL=- <±jLt_iVI \Sj^3 



: Pancreatic ducts cells ^LjCi ■ Tl LJl&laJI L»M^ . lj 

olyiJI jU;, ^j Islet progenitor cells 4JjVl jj^JI Lj>UJ jju^a ^ 

«qiJj ju'iVI jljJaj (j-c 4JjJ-iuJLlj L^jIjj>.I^ LIjj L^L>J 4JjSJLI ^y-Aj t 4j_«-uL^LijJI 
jl^L (jfLsfc Jl ' j 5j^ a j Susan Bonner- Weir j^^^ o'j>^ ^jj^-^' c^Li 

1 *'J ^"J 'J' .' **' **" * ' (jr^ J **' .' " ' ' (^ 'A^~ J ■ '" *^* 4-j-jjLjjSJjJI ■ Z * I j ' 5 I' u>L>- 
^■r^" JJUkJI u^l^- »jn^ <*'^ Ij Li^L>JI aJJt CJuiaZ ■■■! JjLuj 1^1* >■ I^Jjl^- 
DuCtal &4_^Lr^lJI fcZiljiSlI L>U I JlS^ 4^^L > £lJI J^UjJ^V jJ^J jjjVI 

dJ-A j' b^J ««"mmi,.1.1 ^ ^uL-,1 i ,^4! V ^ja t^jj -lajj i endocrine cells 

(ji-j 4 <^i^^"l I tv»L>S-LJI jl^>- uMi- -^3^3 Ci mj La j-fcj • l^>" jj^f^^ y&J* 
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I '^jtj ilslet j3^*J^ L^Lx ^1 4-ojIj Sj^q ^L*-^ JjL-dJL &yA <titl Su-qiLj^mII 

u^L>> jua <Llj-jIjj£> Lull oljJJiJI ^_yB » <i j y"l"i 4jJjVI jJj>JI u^L>- 4 > < Vt u^L>- J^>»JJ 
4_j_2uj U*-Jj imj>j\ j>-^J C7^^ J^ ^tl bM-»- ^ In t "i I J j -r Ti aj 1 1 | i n ni SLUill 

U>^L> Ijl* ^j jLiJj . (nr) j>^Vl iMJJ! U>UJ1 Uj>3 ^1 oLj^j^JI 
oy>. i I JLjj^lis <ju«Lk ^ 4j>Ujj Ammon Peck dLu <j^l j>&> Jla *ojl>^ 
i jJLJI jt-AJl <>* IJlSj oL^! t>° 4-u^Lj^liJI ^IjiUI ^ L}L^ Ij^jj" ,,,1 

L>Li* jru *->>*>^ 4^£. Ju>JI 4-iLkil <j ■*" IjMx oJLLa (jl j^j jr^ *Habener 
cjlyiJI b>L^ jrij dl!j-S^ Adult Pancreatic Islets jJLJI ^^L^iL;.!! j^w 

ij+\j -"'VI j>-^j IjN >• L-^j ^j-u^J i-^Jl i^t t4 j r fciL^Ci jll Cjlj-LnJl Ij^L->> ^Jb 

^yxLull ij^a Sj^Li II J>-lj!1 ^ ^-^->* l?^ - Developing neural cells 4 j *U 
la^oLUI 5 :; ,^.n L^litiJ s^^l Nestin marker urj'^n Ul 4_^«lj (^ l^jjCJI 

^1 c^L^ll >i»JLI gj-U U-u 4jju^ bMij 4j,»^f L5U. (jJJ J>*Ii ol L^j? 
L^ia tujj^lj j : "^ti jys l j"" : " ...\j Pancreatic ductal cells Su^L^iJI 



'^•S\ 
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.jry^LJl njy-trta ^j^ajj lK" l 1 lS-*^ Jj^' U-^W^ J^J - type-1 j<n.H 
^j-a 4J&jiiU u>L>Jl fl i $* T _ p aj i^jS ■ uJl f^jJ^jjjA 1 j d "■ - -J (jl /_d JjsI 4-4J 

/«J f 4 Q jliil L^L>JI 0JLA 4J3SU <jl JUj i"iM 4 nifl t ^yOJj^lS 4, J f ifUjS 111! CjljJUlJI 

b>L>Jl <?Jh4j V in'mn 4lt sfc-i U-* «4^Lill , -3 4 \<j ,*}, 4 V t-« 1^ <4_uIj 4jJ! ^LtJ 

*{J\1^jju\ £yi 4 ualL La j^>^j (^ 

iLuIjj L>^JI * jla >j>>j l^i^w |n^;<t 'Type - 1 JjVl fjill j*\,,A\ (^-^j-* 
(jit J- -"« i^^LUI jL^jkJL ia-oLiJ! LiLiJI <>• ^m-" Encapsulation 



Fetal pancreatic Islet cells a/i/iyi ^Lj>SLLJi j>* b^L> -t 

4 m^tt 4 T mmVI uA^M ^' ^^ ^'<iU JSIjuJIj j^Vl jjLuJI 
progenitor 4-^yij^JI (ju/L^JLJI j3^ LM^J lj.>.n a fetal tissue ij^LJI 

:^iJjJl!u (no) islet cells 

.(I^^j-ui? )\ . V ) Fetus jJab (jjA 1 u^ 1 ^ ^j^ 3 u- j ^>^ ^*-^^ -^ 
5jji 4 iU (j^j) Purified islet tissue 3LHJU ^^L^SLLJI j^ s r ,,.;! _y 

.Cultured islet tissue 4~mm,,.II u ^{j j £iJ\ j^ 4 7-.., Ji -V 

t «_fllj ^j^u (ji-L>J (^u^SojJI x j mi ^4iJ 'Jj^' j LuaJll ^J3 ^sJj-tiiJ2l ^gj**! i n a 
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iaJI^.I^II 



L^L>J! (jl ^jj" >.! jJI *■**■'"■ i ul iiJJjLtj j j -"■' 4jMj S^jJa J^L>. >»jJI ^^ f^ji 
r.n hi rt'il jl3 Cultured islets 3- ,:-, ,..n jj^>JI ^ Precursor cells 2LJ9VI 

J-Aj (^jliJl j LuaJU ^jjo ^j-J^j-iu J(l j-ji^j CjLj] (oAjj mkiIj .^^i-Vl Cjuj-ajN^JI 

S^jUqJL^j L>LiJI oJla o' J—* Purified islet tissue SLLUI jj^l Lj>L^ 

^ LJL^. 4 fl.V V" ..ill Lj-C J >JI L^LiJI p Ij-J? ln'r>j t" ml Ju3 j^j I JUJ 

j^jj r^Lc <y9 1 ^ Mr 3jj rt fcJLl jLiSJI JLaVlj ^j^mMI *1jJ! ^j-^ fP^" 




l£-$l\ 



^j' 1 jy <£^ 
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JbJL>uj Ll^jj 5jbJL>» ' " >1 "u >■ ^ylc L-fl^t'JHj i^j mi ill 

!jl» iL^ij-c IjlS^ cPW (*^M ^LjL^ c^ 3 1 fl«\^° 

LgJ ("nnjt j-JLJl -j^%^ "Jl ^ya ^ ,^.TI jl q<+.\\ Lj^L>. 
t-^J ua>\ ol cj j,\ *\ lj iJVl (_ r lc 5jJ Ul 

^juvj^ liLi LaM^ I jl» .Regeneration 1 g , „ Al 

i U^t . ,.**< /-ill 4jjLi4-AJ1j 4-LdjJoAjl ^-ilj^jl •_« Jj^-juo 

jl^>JI L>U jl jiiU cJaV ^a U* 3 . L. j^j j-^i3 ^j*.^ 



^•^1 



^J' 1 JJ^^S^ 



'if£,kall&±laJI 

ijlc *Ljj Cj*L>. L^jI IjUfe ^itn'^ 1 1 * iS A 5 v * t-j a <JLualjLaj *4 «r inlj 63J. t .a 4_aJoj 
(jj£c ^'j5^ Uj.il Ijjl^ .S^JuuLaj 4 : j * a cl)ljJL3 Cilj 4_Luua b^L>J 4-UJ-4 CjL^jj^jj 

4tSJI LjMi^ ^i - SJU-LjJI 4j.m tti b>UJl j-xWL l^Laj - J tny\\ L^U. j^v 

LiiUJI L^.1 ,>> -J jru Q^ ce^ LuLc Lo^ ^pJI i^ft I ^ 4-LJ^ioJI 4j^J1 

jj jl *J^»t L*J 4 nh^tl I^I^jL 4 Mi^tll L^LkJI <jl IjLA Lr Lw >4_u^>Jl 4_o^Jl>JI 

L^L>Ji djub ij^T Lr^H? .u*i>JI L}L>. ^ La^jx, (^3 Jj i4-jx.JL>Jl Lj^L>JI J>.Ij 
L-oLk LL 2xm * L-»Jjj L^ejalj^j ^yjlj^J! L^dUb cjLlLd ^Ja \S$>^ A 1'1'y a jj** x t^ 

L}L>. ^J ^jLojj (^ - Jjj aJ jt t-dJ j (^^ Ljjjl I jl - OSaJI orutj <jrtjw L&^aL 1 1 jl>. 
dJijj I JUfe df^ i^jJ*. ji 4 ■ a i «a ^-" 1 1 L^L>J1 £^a LAjjX. ^1 J? i4-^a naat^a 4_u_uic 
L5»L_»J| ^lc jj_uaJLa j-J-C j-aVI (j! JLjj * L^jLoj f^C Jol d gJlj Lg al - djl (jl^oj 
. > jM< ***" j*j«..."tt jLoc ' *o_uzlj1a ^od (4jjUJ1 4 xt^I>Ji u^l^Jl jl 4^LIjJ1 4_j£, Jl>JI 
V 4jj mtl! LM_>JI £jI 4Jj-S_a 4jukj ^L . 4 j until b^L>Jl Lj^jJj-u ^^ QJ'^ i^Vll,! 

Neural stem cell 4mnr 4jc jl%. L>Lx ^ Ij^^ic ^5 U^ ) Neurons cAjju^tl 

I jj , >■> a a ^yiui j^aj/1 (j( ^! QU^juag ^J! OjjLm SjV^JI ^jjJl>.j ^j^jlILJ! r*Utjo| ^jjo 

tjVI oL -p-^" V _ jJLJl tjnVnill ^ _ lfr«-Lo^ 4jjfntT! Lj^UJI jl q^xJI J>Sia 

^jLo-^l jjj£jJI ^JL^I La Ij-Aj . La JL>. ^1 (Jf^ J-f^ J' fj^ '^ J-±^3 L-A3L Vj^ 

^o ^ ^LLikLa jljxj: 4iT Ijj^r .r-.jt jro- ^ ^"\^ j ^ V\o (^Lc ^j^Lajj J. ( Altman 

jLua^J ^ajjiiyi 4<iKtl (j^j) HippOCampUS <jru^>J1 iilola _ SjV^JI tiuJL^ jtfl 

^i^. SjjLaJI l^J L>Lx (jlc fjLfi <\ Olfactory bulb - ajUI Lan£ 5 ^ ij ^;j (j^*-^' 

. 4jj_ajJI 4_j_cjVL 4_jiiJl j^LUI J-a jr" ilaill (jl ^0£.l <■■ aj <jLa-jJl Ja^V^ 

^ J-kU SjLjJljJI CjLJlSLaVI (j£. i l mJ >Jl JU a - j_£j ^^* Jl jl j^a («X.jJI (j^J 

lLT Aj 4jM^tJ1 L>UJI (>a 4jMi]l ^l^jVl sLk^.1 (^ SjJlUI L^JjJ jjI - 4jf Iv^II 

jl SjjL LMiJIj iAstrocytes Sj^'ill L>UJIj ^Neurons 4 j.'^. mill L>UJl 
LjjJ VI Lfrig Jx5 U ju>.! r.rt'U f«J <LiLd Oligodendrocytes jljIj^I ^ojjlt. 
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■-AjAaJI jl^aJI >lLbol3*^LcSAir^jiaJI 



^1 t Glia 4-xl>jJI b^UJ! (>a ^ ^ Astrocytes 4 \«y\\\ L^UJI o' j^lj 

jL^ijpi aija lm kit i 4.jJi ji jai lm ±&>u* .v- ^jiu: 

LMiJJ 4LjkJl jjUJLi .Uj "s"i ^1 4 n*jJI jl^li jJLuaj ^^Ja Oligodendrocytes 
jCjIjj urull L>L> Laj^oj ^pJI * Dopamine (jryaL^jJI SjLa ^ s^t n <ti 5^ ,.^«tl 

a^cj^j! L^UJI <> 3j-aj Lai ^LLd ^ SjjlSJI L^J .Fetal ^LJI oy~M £* 

Lkjjaj ^pJI i precursor cells 4_JjVl L}UJI ^ Sjjjlc ^IjjI *Ua£,1 jl A ^... n\ 

.(U JLSJI) ^lidl ^ dUjj 4ju^tTI L>UJI ^a 43>lij| pljiVl *^>. ^^ 



( 5 >**0 



L>U 



(Aoiij) 4jj1 b}L>. 



^i^Vl di^ Lj>U y 



^ "" ** — 4_il> 




(vlilJjj-Mac^ 4_Jjl Lj^ii"* 




i 



L>U 



~ > l \ j i . ^ 



3jujL£. f-l^jl L^la -J^?\fc? L?^' 



f^X\ J* 4JULJI ^ :; .»«ti 4o£o>Jt 4-jl>Jl JjU» rub^f ( M) JSLJJI 
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a 



(urLo-LJi (j^tt j-t^ji U£ tjjSU . I jla djjLrtj M_a (^y^Ji dH^Jl Jib ^ Lot 
^^ Fetal ^LJI jhJbtlJ <^Ujl*j <4JUUI ^Lujiil] ^jd\ ^..^tll jL^>JI 
L>L>JI f I^JI ^ ^l glW.1 ^jlc 3jj-aJI L4J 4xcjl>. L>Lx ^jx. ^ "i -r j iSjVyi 
^ eJi^Li^ (Oligodendrocytes.Astrocytes & Neurons) £»}Li]l s J; ,^.n 
1a£$ i2u_c jl>JI 4_iiiJI (jjl J^ L ^l\ SjLi^l £>i ^^ 4^$£H! 4j_la-a*J1 4-AiJI 
. jdtl ^l^i Jib iUlloSj 4^jl>JI ^iilL au.^M jUjVI 4-uiti 4LlJ! ^ 

(_yi liL^ji' f^M^tll jl^aiJ 4iJLJl 4_a^JL^JI 4jliJl JqX. SLSjjis »UkJI J^eJJ 
«_a Lfl-uaJU L^jL^^Lc aj L^-cijJI^ i ljUJ -k" 1 flirt jkj IjL^j i(_ r 5N-li dH^-M JLuUV 
4 f^LjJI cZ-»l_A-i-uljJi 4_j-uIjJ 4J1 se "1 1 11I Jj 4jj * u^J l*JUJj l Lg->l^ j y- £-*J U^ m * 

Jib <ys (jhAj Neural stem cells markers 5 .; ; -^ .it 5 : ^ ; t r tt L^LilL 

4_Ai Jj-j>.j ^3 cXLjJl 4 "»■! -^ A ^^ ' . " ^J tiiii J£j »4 i-u-aj j^-snJI ^jl£L!t J ■ ■■ ^ 
La j-Aj <4 i^^JLj (j^-i) ^j-a JjV t'l Mill I JUb <ol jj, t*ill n~a ^^ 4 1 to I ( jjq 4 j r '* *^ 

tSrfc. i > ^^ ^LJI <y9 eA^' ^-^i^j S. J. ^Morrison q^^^a J*^]L 4j ^l^ 
(ya 4_i£.jlj>J1 L>L>JI ^ L$j-a ojcjj (( j;j^jJU ;*^«^ jU-?^ t>* LMi Jiil 

dJJjj -j j lii.1 ^3 \ Q *\ j i i dJ j LgJJ^Jbuaj L^Jj-C (jja (jS <nj I A-V >J-^ t j ;*"' ^- ^ ' 

^L*Vl jJaj 1 ^ o -- *j Flow Cytometry L^L^JI J-aju jL$ >. 4 I — >j; 

u inn1l jL^>JI jjj 3jj3.jll 4ji i^<II 4_l£.JL>Ji b>L>Ji (JA JuJLtJi dJLtAj 

Subventricular Zone ^^^^^t.^^^inM.y^u^^ri^t^A^i \ 

: LfrLa j 4j£. Jew L>Li o^^ Cr^ 4-*jLjJLI Ij^LiJi ^po JUJL*JI l^j'^l J^-_4J 

:Ependymal cells JUjULLuVi bMi- 
La-5^j^j juu ^ylJ! Nestin (jry_c*u 4 « j ir> «-a L±jLstj! JcLii] b>Li ^^j 
EpendymalJI LMi^ . (wr) 3j m^> ttl ^.i^JI LM-iJ! jj^j ^ >L^Jj 

n_i\ Juki CjIJ J\ mi 1 1 4^4j-A U^li cr^J *^-L' 4 flJiLfl > (J^ojjL>JI (jrt mUiH ^j U i" 
.A 4j.„a'* j~i£. U^L>. L^JI jJjjLjjI (jyic- C ' i j t n J^J .AjJIj ^c_LI (j-tj JjbS J o t" j 

lj ^> ^ : ■■■< > ^^^ aLx ^ ^^ aj C. B. Johansson jj ...'iIaj ^ ^i VI 

^JLA o' 'i^b*^^* J* 1 -^* cr^ l>.» 'tN ji^r^ 5:U ; n Ependymal LMi 

. (0 ^ 2uiLj^ LMi J^L I^Ij LMiJl 



^•^1 



>oj^l J^^^J^- 



: Astrocytes cells 3u*»u LjM*>- 
4ikJUj ^-s>*j Lo ji Subventricular zone ^ L^j! Zi^^a L}U* ^j 



L-j-1 



j^o dJlJuT JuLw jjfc La (jui£c jL£ JUJLj>JI ^ j j A 1 1 Ijla jl VI '4-jJLo Lj}Lxj 

JaAJL ^mmVid jl SJjUIa LMi* dais <yfc Astrocytes a^ajjl L>UJI ji 

l_jjL>u j^Ll ^ ua 1 <a st "■ 1 1 4_j-j,ua-«JI Ij>L>JI j^a Jj-^l fj>il <jJ! J J) ■» Ti V 
f$J . 1 j* a U^->- tjJ->-1 (j^->- i(j^-La_iJl u>j 4 5 La i a L^L>- 4JijJ5_>. <~m ill jrCL>>LJI 

Neurospheres a/,j . ,^^ cjLj>£ ^J J>^e-£ ^ - j *liJLI ^ _ LaoJl*j -I 

VjVl J^ 1 Lj^- >^» >i*^ jf (EGF) Epidermal Growth Factor jlL>J1 
4^jj j irt m\\ cjL^SJI oJL^i ^ (Fibroblast growth factor - 2 (FGF-2) 

(jla ^$ ^jJ_>Jl |-|jn i ii U y3 CjIj^jo dJUL Ojj— a aj i^jAju j£. 1 $ t'rt il JL^J 
J^jLaJu (jl jjJ j-* *— ■ >Lji^' £JUb jja ^J-^J Ctkc 1 B «>*! >nniVI CjIj a sc A ^J-^J 

L>UJ! jLa l^jli 4j,,^tH L^UJI ^ tjj t j ^j „( m ) L>U ^l ^Jj 

jru lj_3 j_£Sj) i4 j uua-jJI CjLjj^LII *J_A ljju>.| ^ j 5j l II Lj^L>JIj 4-jj j_j_Ma_iJ I 

<j 1 .>>jij (Serum free medium J i^ll ^ Jl i. .U.n^Ji Ijut . LM iJI 

£yj 3Jpi 4-*l4 p'^j' lt^ ij)i*^> ^ uLUJljj ' 4 i <a i <a se " a ^1 miiil jl j^u '"'|j fl ^ A 

(wvj \vi) . M| 

^ qJj I d jm * J 4-<^3 \_>Jl l1>LLj ^.*' jj-^aju -^9->>J /J] jj'' 1 ' jl ui 1 l^lc c—iAJj 

L>UJl (ya jlk^3 ^1 < f H"< _ 4jji^tU lijLjj£JI LM-i* l^ ^-^^^i^' - jj^'^j 

t^Jll 3^-)j jj) lrtj 4_il <a-fc frLul (_ 3 — S I— AjjJLi j^-^la-J (^u' *A-jJ' »— j1^-SJ 4_ftJuuaJLl 

LjM^JIj Neural stem cells ^ j - ya «JI Llc J »JI 4_uLiJI jl ^ : *j U>a 

jl ^j ^ ■"■ t i ^IjjJl x^aLjj— Jl y3 jl_£j^-j ilij (J-aU jl j' 2 a "" aJlL! 4_jj-SJLl 
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ft irS-aH'frilTM 

C.R.tBjornson Qj-'-'jij.' 4-JJ J-*-^ ^° '-^ j-**^ ^j ■ *u^ij ^jjU-.ti 

('•rj-w )((ij ^1 «JLI Jj^_>ij)> aj j^ <1i 11 4juIjJ1 4 j "i ■>- i T I 4j^jj (jJS ^"<"» ill <^2u^)J9j 
^jLoJu iicUil J-Lax* jLS j^fl l^fii^. JUu 4jx. JLsJl 4 jj i^tfl L^L>Jl ^j! >X>-J 

. (m > ^jlU fcjsm b>uji u hr,i 

Hippocampus j^^ia^lAl4 j^a^r j-^ b^U>-. 

4 «K1I ^yfcj * jil frLa ^ 4 «jl nil ljS\ JlJI 4 rtUia ^^ ^ .n =>JI 4_2_LyLo 

5jLLI J^Ij JiU Ij L^jj-^ ch-^J Bromodeoxyuridine (BrdU) i>jjl>>j 

:^jV1 a».j*4Jljyi 

LMi- (jJJ JjUu 4nUUI cdJ3 <ya Labeled o^u^l b!>UJl &> / o • _ \ 

.Neurons Su^n^r 
, Glial cells 4_^jj L>U ^1 ^jUs 4^>^jI1 L>UJI <>• /. \ o . c_. 

) jju« JSLi UJ ^ Su^^Il L.>UJI (>• /.ro _ ^ 

(2Laj_uijH Lj^LSJI plj-il f->*w> l<jj^ <-ilj."i mm 4j <^Lw j I ^/j- 4 ^Li^ o' -^ 

^Ljs jjj (Jj-** w uJaxJI aLju VI ■ <i **■ *n 4jj) a, ill 4^CJ jl Jij->« a ttTi U^Jl (jr^J 
tjl I Jufc (^^JAJ^ ■ j^l o*i~ij fi iriiin (^j-3* ajJI JUjj (j^-S i*1jj*->- » I lj sc 1 r> (^ 

^J 3jI_4-jJIj ^i ... **tVl Lr i£. 3jju.UI L^jjJ (jry-^^1 ^ *U:* ^ Lj^L^. llILLa 

di.L>j l^LA ^jl ^ '^ Lc Ijl 1 -^ • j Vj » 4-j-j L^-iJ I L^L^Jl ( j-d 5 . ^ , ^, ^. ". ^ f-l^jl 

^p,^ 4_^l£. ^j •"« "t j^j.^Jl Lj^L>JI tf jla ^jljkj jjj^jlII ^ (j;^-j*j aj udLlA 

ij\ {j£. J j <^i n j II J^o ^tj^lj LuJL^>o I jj <UI _ i^jJa-J 4 fl ^.j ^ _ j^ljjl 
^Hj! ^ ^ j » >s • 1 1 L^L>JI ^j-a Cjuj-oL^j 4it_>c u^JH > * -^ OJ-^ "^J^ I ^ <j "^ ^jLuJ VI 
fjja CjLjj_iJjjIlJi ^JlA J4B 34 j j j o a 1 1 Cj^d. n*> jJl OUj-lL^jU ^ajLjj L|juaju Ja-iJ^j 

L^J Jjb ^1 t LS-j-m-fl <— ajj-^fl cr-*'jJ ?-*^>^ ^-4^ I flK tCj^LuojJI t>^j L^L_>Jl 
tjLa 1 ^ j jc ua Ijla jL^ 1 jl ScjMjuo^JIj L>LiJI ^jjjCm >-«Ij 4-uuIj CjLLi^. 
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■ ■nrtttll jlftaJI £lL*J9 fcockadl 't^laJI 

Li! 4j9j^aJLI oLLl>J1 _*jl£. <j\ jl )<ifl£ LjjJI jlIoJ ~^-^ I jla <jl jJ Ss^^tU 

\ \W ^mjLa T ^ j-4jIj i-djjj^LJ! Sajjjtj Gorge Johnson ^j-l^j^ ^j^k. 

UJjJLjj i^jiaju-jj 1 fl i-b-t_i Cjuj 4 "•* *JI JLajjJi ^Ul '(ljIiI Ai aj iZj^LodjJl ■ nr> 
iLbo (jn V hi J£U 3J j 4 4 oULi^tJlj OLai fl "ill L^J oljjjJI jjja LjLlj j\ in Tt 

Lgj ju^jj 4 3 j • * J-*-c oljjj ^JJ jJiLjJi < )\ Mi*tj *o^L_*-3j j, j mCij cj^Luoj 
j-a ^£J tJI ,i>ll jt ^Uyi ^ 4-l^jJ! (cLu o^^ 1 ^*^ ^ c^Ulia >j ut'iil <Ll^ 

4Jji>Li!» £}£. 4_» jLu L^-4 (_yic-(j (jr^^ J-S-*JI M^Ji *3jujl>JI i— )^L-lojJ1 o^-* 
Bj^Lljj 4j^jb^u 4_iiiw dJU-A dijalj La \jSJh (jlaJJ ■ vt *" a JJJta ^JljJ ?waujJ 

jJLI b>Li. LoliNeural stem cells Z-^j t .^ til <-j-cj ^Jl 4 jl^TL l^.^ 

fcLt^Jl (lu **- (jJ* ' \ Q • * \Jbj—L^> j^JLJJ CJJXJ L^jL^ CjJjSUJ ?C J ■"•** t _ ? aJ I ^J-J^ll 

4I4I Jjju jl^jj o3U ^1 4JiJI oV 2jS\^\ j^u V S^X! ^ S^iJJI LjiU 
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L}Ufej LflJLUI L}UJ1 oJlA ^JajjjJu <Gj &l * f^i*. Ja^btJ jll jUa .Sj.'^^Mtl 
4_i£.Ju>JI <_J_>JI tlilj Jja VJ ^L V I fli^n^ajj i4_ojLLjo 3jUJLx 4 p jl r ,t 4jjJU 
dJUJU>- L^L>> w La * j} jj>\ 4 T> Q}\ 4Jjum» 4 jl-%- ^JLaJU (jJJ Jlj ^^y^-S 1 4 ■> » j ■ ua_aJ I 
(jl JLoj . 1 fl i u <L> Lr'^ 4_2uj-LaJLj SJljJljv 4-jjLj.jw t ** > I j » -w. / . . M C" 1 4 , ^ . >^ ->. " a 
jj^Io jjb 1 4 j ■ 1 <a ■ 11 L^LaJJ ^yPejjJuJI Cjj)hII ^7- J**'* 1 t-jJLstJ ^jJl ^^jljL^JI jj^I 
^-j-c ^j-j>.I t_^uLk)^j *jJjc«o ?cJU (jj-J9 «_jJaJuj .j o tJl ^^ ail rt'ill «_a ^jl j < n ill 
4-jtLiJl \£$~lm t-iiJj JxJa g-j ]cu 1 uj Vj iL> l3j_«j tjl L^U>J1 JUgJ JuVj iSj^l JJI 
jjfc La £Jtl ^ 4j until 4jf Tl >JI Lj>L^JI jj^-j o3^J ^ uM 'S-^JL^JI *$\ 
JLp^JI ^Vt 4jl£Lo jys _ ^i.ntfl jl^JI *Lo Cit-Li^J - >^UJl ^Ul VI 
C^J JlLo 4 aLuo 3jlL-£> 4 g tt 4 -v ^ja I J j t) 43ljjl 4_j_aj j * a\ ^JlII *5*JU J^bj 

Jjfcj T-l "l 3BJ < rtj^ iljjl 6j±C {ji\ rl "l SfcJ (j' O * .' 'J ^J g*l *"< SfcJ Vj (jjj^ftlo 

jll ^4junttl 4^cJu>Jl Li^UJUs^jl Sj.n^ti ^^Vlj JjVl j^-jUI 
il^-fll r-l'irj ^^iil 4 rtl'^U 4 \ n n t II U^litil jjuo -i>>-9 (_^^ Jbl aseU 3jjj>.jja 

cjjlaSs i^jjxVI byjtJJ (jjjIjjJ! ^LLaJI (^3 JjsLc ^Lj>j LuLoJ L$J jj-uJ ^^1 
4^>^ <>• o. 1 < r i t ^ jW->^ v»JLh* -^j-^*^ j^' LjM-^ Oi^ 3 ^Lij-^ ^jf^" 

4S 1 4i 4 j^fl JL>-I^ ^jlSLa ^yB ^j-<-" *J*J Li^uj ^j-^LshJI r^jJLj£JI -L>u Vj >4_tij-L>JI 
^ J A j i4_i^j^xtJI 4_j_cJL>Jl 4oi3fclI ^jljjJI ?paLJj_Jl ^y3 • iUtl i jjfcj i4j^ Jluu>JI 

Fetal CNS stem cells V^^ ,2 ^f^^ f; ^^ 1 ^>^tr , -^ 

^ ^ ^jjl V (j^j La juft£. ^j^) Lj -' 5^jj^ 4-L>.l fjji cj jJ^\ ^ylJI L^iJJI (j-Aj 
Sj^^j jlj>-^j i>-L>JI ^ ^j jjuauJI 4 jr jjJI L^LiJI tjlJa a^IjJI ^^ .(L£.j_jj-uI 

4_L>»j_<a cr^" ^^^ uLUJ t n ^^u_^ ^^JLI 4 >■ m n ^3 LaL«j j A.'jj t4"j "v mil ^B 
iitl" 4jJ j until 4_j£, Ju>Jl 4 jl-^TlJa 1 JJ .(j^>»Jl L^) j^4j Ly jl\ ^ mi-sII (^Llijl 
L^L_>JI tf JUbJ -(jr^vll ^j-jISLII 4_*_j-u_)I JjlaJJ ( _ 3 -jaLij 4 jlo r ^^fl 1 o |j <i Ijjj 
^l_aJI ^j-<i^ »LLa^j ^^k. 4lal£JI SjJLdJI L^J ury^ 1 ' (j^ 4 J.' '^ «J< 4 if JL-hJI 
(J^qSj L^jI L4-S ' * j *j j 1 a * 11 j ^ j dJ jJLS ' 4 ua ua-JeJllI ^yj ua_aJ I jLg-^-JI L^L^ 
4-^La-c fj) (^jjl j j uu ^jt Lb jJUjej^ . ' ?tJ,l ^j^a ^j^Lal ^JLc ( _ r S ^j ■ ■■ " A 

4_i_cJL_>Jl Lj^L->JI ^_jLjjj a I l-u ^ * I djju_a wr l^ ■ t^ a i ^Aj Ti ^ i^cJLl ^^aLu 



^•^1 



^°J^' JJ^^^^° 



(^LnJI 3 jUt'q / WT ^ Apoptosis jJLl ^ 4 n « a L^LiJ g-*>±U o^LI 4 jUr 

J£ j^jLSLs t^Sl^fc-a A£.Li3j (3-^Lj-J (j^S Lj^>u u^L>.j C ijj4J Lj^L>- (jJI r-l j > i tfJLA 
^jjSl auI /j_a 1 *> fl < j * Laa LgjLtj-d rMi9 LftjJa a ajj <Lj_3 ^jjSLa c-tLi-S L$J 4 jl^. 

. 1 ^ j a 4laLc 



* Oligodendrocytes- Astrocytes - Neurons - 4^^yU1 3 m^tl! L>UJI 

La| £j* tl"i"i a £jrt_4jLc 5jlX p^^' *^ ^3 (jLi-tuV 4 xj ua-g 4j c Jua» u^Lj>> a! mfltl 
' ~ j * * A A " J.' Jt?' * 1 " i 4_u jj_jua*J I c1jLj^£j! dJLA Ijlt "w I o n *wj . l^jjjl "i Vj 

.Astrocytes 2L^ L>U Zvo _^ 

.Neurons cjUju^ttt LM^ 'AW _ Y 

.Oligodendrocytes j^Ij^I ILlill L!vUJl /.Y _ V 

Lua-il t j£L«i-i 1 n ^ J J Iq 1 1 J 4-jj_^J1 4 **■ ' o 1 j j j c L^L>, 4_j_sL_iJI 4_j_*-a-Lllj 
L>LiJl j>a l?>^I Lc.^5 w ^>" o' 4_j_Luj>JI 4-jjj-j i^ittl 4^cJu>Jl LMitU 

A- GABAergic. 
B- TH - positive 



CNS neural crest stem cell Su^^Iz-u-^ubuJi bM^.r 
LLo^J a ^ ( ^<"^" Neural Crest . .ntTI t-sjjtjl Lj}L^ o' j^^' l^ 
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>oj}M j^^^J^- 



'k±cX3d\'LAsd\ 

4jua_A*aje_jjtl L^LiJl Hj^l g J a >■ (^Jj jjl 4 "II <^£- SjJlSJI L^J Luajlj A q..< Z\ 

j j tr> n ^ j irt tTl lJ^jlLI 4 j r J *»J I Lj^L^JI <j\-£ 4_2_j_ij»J! ^^J . aj-jJ4j£j jIj 
4>JUb ^3 jJaljJu j 1 i j A 1 I j M> <jf Jujj tLJUj •"ill 1.-LA <"«» ^ A a /* t^o ^ * d J 

CjLaa-aJI oj^ ■-*-* 4 ^ £ "- )L ^ ^J*^ Ifl ^ (jjiilaj <j*!l».LJ1 (Jajw ^^yji <j£& kAIi 
„tji 1 ^1 ^yic L^JjJLdS t4_iC JL>JI 4jl>Ji ^yS cr*^ dJlL 4 3 j i mi L^J ^jj^jjOJ ^jA\ 

£jj* J^3-LI <— al mi " ^1 ^JJ 4JrCL>.LJi 3>^ o* * <i "t I (^j-mI VJ *Jj1 «" Hj lj- *"* 

c-ilnintl (j-^AJ L^jJi 4_Ji^ ^1 ^^lc a^uVI IjUfc (jjrtlUj rfl**"^- 4j£,Ju*JI L^L>Jl 

Jd^JLyJl 4^dJ 4J5ULI 

Lj>L>JI (ja c*L». Neural crest cells ^ .r>« II t-flj^JI L}L* ^f j-al^lj 
^LziJI *L5t ^ - Neural Tube 5 j ; — »" 4j4-*jVH <j^jL>. ^J^ ^ i jA\ 

J11mm aUjJ iSpina bifid ^>-UI jLUljVI u * ,..j jrj-L>JI ^ W 5I; - t_^ 

L^jI V*] I JLA J»*"t c2*jL£ La ^j i^jJaJI w ; ua *** jL^>JI <jj&LJ IjU -; 

LjM^ (j-a I miiJ l^oUt a i5jUjL> 4 or mil OjSllJ 5^-J^J j^LgJ L^ji ^-Aj l£>^*' 
4 j un ttl 4j_C,lL>Ji Lj^L>JI ^^ic 3>4JJ t-dJi ^^ Lt^J ^J^^^-^Vj f^Al}^ 

,( wr ) ^Ijj^jjx^o 1^>>-j Wl>*-A J^\ e;>^VlNeural stem cells 
J\ J"i ir j H a-Su^Jsj S. J. iMorrison ^ ^ i»p±* c^j? \ ^^^ |*LaJI ^yaj 
cdJ j oojtj ^L.irtWI (^ SjjloJI l^J Neural crest cells ^y^iH <-fljJtJI Lili. 
(^jII 4jMrt«ll 4j^*JI b>UJI ^ BrdU ^^j/j ^ < <^t mjj >«j>j J^of I aIl-^ 
cr* >*J J^ u?^ 4-xitL>JI ^judJI <ya sciatic nerve 1 Lull ^ --^ c ^ L^j-c- 

J^*2 Lj^UJi dJ-A ji j^-j Chicken embryo 4j>-L>o jry^ ^1 V r * UJ^j 



'^•S\ 
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j j Lj (ji-t-o ua V "i 1 1 j *l o It II ^jLajI (J7 _a <j VI jjJy J'J- 



it ^•Mjt uuu <*-**" i***" ^ e**! 

<jt £jj"* >■! jJI tiJjjl L-4-I^->» *Cj1 j i j t in "ill ( rt < rt "t i a ^^ CjIju 4jlfL>JI 

j-*U 4JjSJL! L}UJI ^.^ (jjSj <^J1j <j_«Jj o^ ^ ^1 cdJj 4_^L3 
LM^JI Lr k*j a ^ , — ti 4_l^jl^JI 4-iLAJI ^JL£ 1j}j .^^1 J**Jlj 
L>UJI ^Jj ^ 4jj.rt«tl SjLiVI Jiis Jj1\ oLj j.rtttl^ £*U 1j£1I 

oli IM Jj*? ^jo T ;ll L>UJIj jlSIjjJI *L& L^UJIj 4^jjJI L£UJI 
(>lj^Vl ^ iiJLUI j? 4j^ti! L>UJI J** UI}U*j oS-a iiliaSj-Vl 
(jiaj^a JiL-fl lj.<44 j^al Neurodegenerative 4_iJ}LjtiV1 4 i i ^ til 

4_x^juautJl 4jJ t"m dJubLfl Q*M i.^i til ^j_iLj>JI t 1 1 < rw 1 1 ^^Ioj^aj *(jj) '" ' JTjW 

^j^o ax^Lj Liiajl L-a^-tj^ * Amyotrophic Lateral Sclerosis- ALS 
(^LiIlji ^Lj^-j^aJ! ijjklj ujLuaf ^jlJLj 4 Lou Gehrig's disease - j>e-jJ 
J ; jJI (^l-j uaj (^jJI ' kiiJI ^M .r.)? j? .Stephen Hawking - j-i£>* 

.' ' till j ^_i£. j? 4jjL** jl 4j>^» 4>i"i't ^^j-JJI 
:r*5*LtJ1 4-lL*£ ^b (jjl>.LJI 1 -t j t '"j ^"j7*j" V~ " <-^Li-A op 9 Laj-<Mi 
'j ;" ^ { I ^yS S^jLojII JJ-C. 4 j until 4_i£.Jl>JI 4_iL>JI j^l^. Jj m^ll JLtj _^ 
j^sjj ol^_^3e_4j 4_4j|ju£. CjujS-4 cr^- L$J "*' ^° *^1 " n**< lit a ^^ u^LSJI 4_>-jJ 
(jJI _ LaLoj ^jI q"m V l£| _ ^j <a ■ a he " II 4 A<\ r t-jl^Ji Lr^- ' ^iV) (jH^>- *4 j < <»LLq 

5u-^mi 2ul^ljJI SjLiVI l^jjb o! c^] <J^ (y^L. j->U jIjJ.1 jil j> 

^ill 3 :; ^.t < L>UJI ^ ^J AjUUI ^^ ^jL^JI 4-.Ur J*£i L^Ll^J jpll 

. jJLl UJI jrL 



15CJ 
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>oj^l J^^^J^- 



sdl 



(j^Sj jljJLl aJ-A 1 4 m a a 4-ojLljq-j^ -i1>JS I g nl" ^j^o ^J-J LAjJ^ L^-^J ttfL^L>* 
4x.j^-L1I ^UjjuxsJI 4_tC JL>JI L^L>JI Jam *4Xoli2. iZi\jt\nr a j| oljLiV' ^Jj-'-<M 
(Jj>o aj i4 mi gj 4jLudVI Jl t M*ill 4j (^JJI ^j-^1 b5*L>. fr^j (^jjj LaLftj jjl ^ "" 
^ j* a itm yJtl\ **' J-+U LS-Aa j ^ ■ <a **■ "■ J Lgj! (^1 iL^L>Jl ^J-° '"'J Uj ' aJtlll J^e--a 
7\)\ irtVl tliL-jT *_* «.i i "fc. ^J I i \y ^ a t" tiUJU (_^-Aj .<">*! t"i I fl' J A J Of jj 



C)Ulf$ (felt 4gi i«fMI bftttJI J*ii 

:Neural precursor cells 3LJjYi3u^aH u^uju^ 

L^LkJI £>L» 2uoUJI SjLiVI <L!L£LlJ jjje_« ^j i4-ubUI J*l£ Ujuu o^J 

Pluripotent (wijju_aii Sj^-frj)* .m ;yu ^ r.'i yi L£L^tfi -Y 

i Embryonic stem cells 

L^jI La£ 4 a_MJ_>Jl ^J3 Lj^L^JI ^a pjj ^1 ^1 jjI oltl LUajfj * L^ -- ^"t JjJjhI 

♦ \j Lo-"u jjl (jjJ (j^Q <r<-jiu i nil ^_^3 1jl>- 4jjjJo *>^3 L^jLd-u Jj^jj 

Rothstein. j Y* • y ^LtJl qj! " ^3jjj D. A iKerr j j *? ^UUJI ^j 
tiiAji-A 4 -> j"'i ^1 (^j! U-a * Amyotrophic Lateral Sclerosis a J; ,^ .tt 

CiM.^itll ^UJI <,M„Vill o^ ^J>xl' t>«J .4^>>JI pi U- yul jLill jSl <ixl^ 



^•^1 



>oj^l J^^^J^- 



^ Motor neurons 4_ ! _£ > ^JI cjUj j ^ til < , < j < ^ j ^M^tJ! u . <^ r ^j^a 

JUlj aj tCjjl ua «JI £_y3 JUJui cJljlju3 ujJl?cj ^lajJU ■* 1 flJ f-^J t4_jjiL>JI j J^«.j ^1 

. ' cjjJLLj ULpJj) (JLiJLi /_ jg" b 2>jj3 



?gu*it ^ v. :" i-*Afcj> umi tUiaJt (tMirit 

(Sindbis virus u .,n lim u-jlw^ au.,.^ jU ^ ALS 4^ua*JI 4jJii]l Sjl^La 

Embryonic germ 4 jij L>J1 \±a£jj*1\ L}LiJi jry-^LJI jj^Js ^ v V< ...I 
aJLjlII J_iS fjja (jLlujI Cry-^ t>° 4 J^ t>° * : ^ Lj«^ « ^j^- l£>^ cr^' cells 

' ■*■'■■ i 4_lLl*_« '"■ ^ . ..^ il a /ti _._, ,.,i ia i", .r< i ■■ a !_£ \ ^t f ^a *jj 4 4_jj jj-j-ail d j^ 1 ^ 
lLUJLJ SbjSLft 1 1 gi-u La ^3 j-^Sl CjJ&jLt_jJ3 L}L>JI tf jjfe C^JjLdJ aj i L^J 4-ajLLua 

I^j -*i . ..y Vt ^juk iEmbryoid bodies 4_o.Vb a^.,^. LoLu^f u ^ . »" 4j^li. M^ 

4 4ju2LJ-<2L3fc_iU 4JJJ) t t.^ f tl L^L>JI 4 j i^ij Lo ^JJ ^JL4-JJ L^-ll ^jjjb^LJI J^J-J Lj^L>. 

tf JUfc jj^o 1 U3AJ ^-fS (j-i>» fCJ . jjuJU aJ A^. a 4_ju»L>. Jlj-a t|-jij I^BuJbl I <i'm>. 

5>kUI ,LS>* SJ^LUI ol^^ 1 (> c^^ 1 J^W Jg-pjl JUJI ^ L>UJI 

t » I < u t"t ^Lwj_c cJlj l-4-fl L^L?JI liLLj ^j-i^J aJ ^yiil (jl^Loil Lot iljiclj^ \ flfla 
,3L-tU 2L^jl£j 4^j>Ji l ^ > £. SjjvLc til^U^a aIjl^I^ 4j^LLo f jj^>. olj 

i4 j i mtH 4j£.JL>Ji 4_tL>Jl Jjl3 jjja tfj)U*^ Lo jj] jJi^l j^iL^LJI JL^Lj (j^Jj 
jSLlL la ua-JC-3 L^S i4j^_<ii_jj| 4_l^j>JI 4-j^ uajJ 1 L^L^IL 4 t.^L>Jl 4 j ■ ua_>JI 

.jjjl 4J1 A^J (j-Lp (^7^* t-Jj)\ I mJ^SLlU l"r"N i u5L>Jl 



^•^1 
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,ya L>LiJI a Jla L^j c < 1 o r ^1\ <_JVI a jub La I>9j-*j *J »1 a UJI <jl jlij 
^1 cjj^Ia ^L-all jLill ^^AJI J^kJI Jj^. ^^^>Jtl b>UJ1 ^ W - 

i LbJL^j^a fjja LaLjJ i " u * jj 1 fl" — ~ ml * a t4j| uaJLl L^L>JI ^ylc C*La C aL-u-AjIj 

,CjjI£ L*£ iLoLi Aa^jjv 4aii^£ L}lit£ (jJj^l U^fcH-" 



^^ 4-Lj-j tali <jjJL*L±Jl jljf La 1 JLo> .ijLl_j i^ol j^ilo VJ liJj^io tlLw La 
jL^Jl ^palj-al 7-^tc I'^j 1 ^^ <£^LaJI ^J9 I A j a litj - -j ^^ 4_lcJu>JI 4jL>JI 
CiLJi 4_jjuaL^ 1^*3 *J 3 j A4.4 J Aj 4j-dL>. 4-lJT «JLl ^yS JL^jj t^ij"*- »^>' ir>f ^ 

1 1 alj VI uil j.* Vju 5^ r jljJI 4-jiiJLb t Repair Mechanisms ^>L^VI 

^J3 aJ.Vhii1 L^Jp9 « L^La t_aJtaJI <Jst-a J^L^VI jl g *j 5 a 1 , 1 L^LiJl ( jiajj| all 
£>£. I JUb tljJLjtj Jlj3j . L^jI j jj-a J1>J1 ~ 1 1 a j j J-a-JU t*M_i^VI CjLxIT Ja->- 
r^Li^Lj a^-oj ^jiaj^aJJ 4 j r JL>J1 L^LiJI Jjlm 4 n t a 4jjJ? »IUf j 3d>^ 

jjT'" j»L*JI ^ u 'i-rJl 4 rtijJaj J. Fallon <jjJLa u mi% (jixj aJaj 
(TGF- Alfa)ji L^iJ? . J>-*ai j o '.II (>L^ ^n ...j <jy±H ^ 4_^ljj 
2^Lxll J^ljJLl j-La L^Luu? jl^-jj ^jJI Transforming growth factor alfa 

.jJI ... jJLIj jlL>JIj juSJI^ «:L^i^l ^ jujuJI ^ Sj^-jII ^ploil 
jLfl j_* Lr iii TGF- alfa uruj^xJI I J^ j*jjLj Ij^>j ol *lSu>^j u>^ J b' 
^>Li-oVI jU^ jt I_«j^jj3 Degenerative LJ^LaJil lii.r>r L^j-fl cjJLju 

^pDj—a Jli^a i4_jJ5L3tjVl 4-j-i ' <a * II (^palj^aVI jua ^ a i n La-^ ^ o tj V ^^jl JJI 

I JUb l^lact 1 om-w ^ j *< 1 (TGF- alfa oyjj-? l_>I jr iJL^ ^ Qj --^^j 1 : 
5 j : ua-«Ji 4-^c jl>J1 L>LiJi Jjljw p^t.- jtJa j_a ^3 TGF-alfa jrpj>j o**> 
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^ LI SjhJ ^ i .1 n nj Jo-*3 Subventricular zone o*laJI o^*3 U 4 nU; a <ys 

5 r a1> Nigro striated neurons 4-kiaiJLI *Ijj-lJ1 cjIJj ■ .r^H L}L^ ^ 
(Hydroxydopamine -*\ y jtoiLjjj ^ --^jj v j A - "^ u n • ""' * j L*j ^ * « - - r ^ 

(J&J A 4_j ilu 1 A Jjll-t "a»V C-JjLa— oJl dlljlj J ■>> ^3 A, 1 VI i n"i ^ylJt ^j 

4_j-X.J^>J! Lj^ "nil (jl tjjrt ^Tl ^j-A (*Ij' 3jL-C - 1 — y U5^" ^ >• J *QJ '" 'J \?W 
(ji-dLtjjJI jj *"* 4 j > j ■ i "■* C L^Lt» ^J1 ' " t • *a ua "*■*** (jl u5*L>J! ^ jufc cAjJL-4 

*j tl j 4 j s :: U jLiJI ^^ a jSLuLKVI £jLhJ1 c^>L£ .Dopamine neurons 

. ' ,. t J 4 W j-^c til j1j-u 



II a^^| J^J| plMirt* l*'***) $*•■** jli ^j* 

<y3 4^Luzdt L}L^JI ^ gyJI 1jL& o' U£.4 ^.r. V-I.I 4.,.n Jl LM_iJl 

4_i_jju3-iJl L>LkJl f l^jt 4jJJL»j ti*j^x - ^ j i a * II jL^j>Jl (^3 (Jj-="-l obL-^l 
Jj >JI CjLI ual ^^3 y fc ' q ' a .4jI usVl ^lj * ^J& '/< mi "illj *4_jI mil 

jji it LiUij t 5jjjLJx^a *Li_iUI 5 : , „ ; ^^j Spinal cord injury ^$ .Ml 

L^4 i L^j 4_j - o_i-oitII, I d j j ' <a * II L^L>JI pljjl JJLaj jjjJLjJLj iCjLLuoVl a^Ijjq 
jl ^ jJI tTjLiLi-al ^j-a (jy^-3 \ JJ t4lj T-" iii a JJL_o JjaLSLJI r-^LtJI 4 jU C Jj»-»J 

(jj\1 L$1a tuu~u * j - 1 dJUjb ^)SJ * Loui L^^Mx. L^w^Lc < 1 1 1 ^ j (_jiH g'inill 

j-ft> _ (jLSLaVI jJL3 _ tjVl 4 It A »l o.ittl J^LstJ (^jJLfl t 5jjJLJe_^j 4_u^3. 
<^jjj thj £ys }\ t a ^p^jjJ.1 ^^ n IS i LaLcj 1 ^ *w^Lc jjjj_jJj 4\jLusVI ' ^j a *-" 
4^^JLI ^1 ^ JL^JI jl .j^UoVI yjfi US^^] fJUL ^ Vju ^Ll^ -L^J^ 
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^>j^\ jj^^XX* 



ri-jiji 



^-fiiL 1 1 3C A d ^S^4l *JJ ' " J-^ cP 3 ^ t ^.* L-|Ll£^j4 j g till (J - * - ^ ' ^ ' " J 

La t j^i ,ya jj^ LaJl ^ 4j^I^.I IjLiJ j^^LtJVI ^y-uua-AJl ^j-U IJLflfl .(^MS 
uojai <—)! mil JU j^^b 4-iiLujU ^pal^-C jl aJufc Jjl iJLiJ <"m^» ijji < n <i ^*H Juu 



_t_U_ 



4j^3 <GjLj Sj^j^o lt^ 4^4-uai«. ^J o1j-<_uj Jjji^j JL>JU ;*LI ^^3 <jl£ t^j-ll (^^lS 
L^j x jjalj --j 2 *j jH OjLj *4jbju> Lg_3JL& ^ jr A i—Sj^jlj 1 n^ jjfc «_£Jj-jlj ^Lj_ 4-C 

4_u j_j— uajtj I L^L>JI «—J3-^ ^j (jj in 'J^jLj q^j-a q j i ^a • ^ Ste ll 1 ij-C JLBj 

Substantia nigra & striatumL^jb ^11 ^ oe'j^ t>H ^lh ^'Neurons 

. 4i^LJ 4^jLxj4^jS 5jLa ^y^J - ^rwaLjjJi SjUj <jj j jin til Lj^L>JI jj-^3 il*-i *^- i 
4^j^v ^^B ^^ '*■"'"' ^^ylil ."«V .U*H 4jJul1( l. tl ua£ ^^ ^ j La " 4oLa£ ^-A ^uaLjjJl 



^ 4 v r ju>JI LjM^JI J i V, ,„V jry jr j" 1 ^ "' '"1 ^JLLa jl o^Lcl LiB^-c 

4 jl^TI ( >J i^ Jj-ua_>JI JLjuj hjj i ui^SjL ^^sj^ja 4JL>- (^yB^ *(*^" J^ '". | 7r5^-»JI 
L^L>JI ^JLA 4j>-^j JjI Lai /y^JS j ■" jJU (^3 5^jLa-lII j j^ J 4 j -I iJ I 4_i£.JL_>Jl 

3jLL 4 je^lLllj I flj a e_tj_£.jJll oljj '^«ll L^L>. { Ji\ jj\ *Ja ^^vl 4_j_ca_>JI 

Trophic factors 3j^j>dlj 4-jJLill 4^uoLkJI J^I^jlII ^j-^^ dli JJ * jryaLajJI 
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UJ ' "'. J ,' cP^-H 9 **-JL>- Lr^J * ~3 ^ ' ' ' "' '*■ Ja-M*aJl j-j-3j3 eLuJLSjj < J j I ^ "■ ' ' 

>^j iCajJD i nil 4jr ^ J-^IS ^£- J > mi j ^jLq-jj 4j^jl>JI L5L>JI a jlA Jj»->o o' ' . ' T J 
F-a ^ 3^-iiLua_ 4i^.^y.U >o£. 2Lj£.jl>JI LMj^JI oJua - Implantation pj^3 

t L$j 0£.j3 lt"*^ 3juJl>J! 4 m iTLj ^Uj l^ltTTj La i«_ptjuajl ^jliJLI (_^9j L^i^ 
^,H*J OljLtlii fj^a Qj';^"' » "J La Jj^**' - ""'j) OJ^LH^f "- c H> p *^J lA3^^ *-* ^jSLla 
m3jl_jJu>JI 4_jj_iJ! J— Al 4 mi j f (j7i j«"i Lg 1* ?tJ L-4-^ ' LAj— tcj 4_lj1 j<t jS -^J-* 

.<jrvaLijjdJ Sjj^aJU OJJa n^tfl Lj^L>" ^yij JjLajj -U<i^ JLjJUcj if-fj-uij 
(jrC_>-ljJl J[Lj (J^tJ (J * '"'J La jjfc 4_i_Lx)Ltii 4^CJL>JI 4-j1j>J1 ■ ,'**- jj J ua^J 1 Jjl 
( _ r A 4 mi ni (^^^aj^ll L5L>- ^jL9 J^S ^j^a UjSj LaS^ i^AjL^j (jlaj^ ^(jljT JL^j-ujj 
(jj) i 1 U"n (>it».LJl ^1 Jljj . 4X.L1I ^jjC.^ 4x.LiLl J£l mi a ^^ i.U "tH aLj^j jji. 

jyi ijSLl (J >J ^^ i«uJI jji.A) La ^jUt'i (jUI 4_i£.Ju>J1 LiM^JI J-Jajai ^1 

: L^L>JI oJlA 4Jlai^ -** ■■■*'* ^^iajjJLI Lj^Lv 

t Adult neural stem cells iilUJi *M.n»ti 2uc jl^i b!*ijt - \ 

L^jt - Ijl&j b^-Jl 4_jlaL>. L-JLaj - B.A. Weiss S ^Reynolds jjJjJjjj ^^5 

^jja (^yJjV I OjS j 11 jJ^-ljJLl (^^ CijlS 1 <j"»» l(j nirt 1 4 j mi"i i»^ j 1 1 ^> 4jl^ ^^ju ^y^ 

I ^ y ftL>^ (_y^ <-l»I^J3_j>o frlj-j>-lj ^L_>.ju uiUj CLiJL3t_j ^y^-Ij *lj''-! ?*^ (jj-^Lilll 

i^SJll ^'ijiyi cr-Li^l J*l>^ (> ^! J*AJ V li.M LLlj. LflL^Lfl ^lj>JI 

, l ^ , U V<* (jrwaL^jJI J^oj ^J*j; '""^ L^L>> ^JJ L^Jjj_>iJ La^iSLal ^LJLhj 

lEmbryonic stem cell ^LOu^Ji^u^JLaJi U^G^i -T 

U^L>JI C-J^lCI ^j" ■%. _ 4 j uuLLo 4 m % a t—B^jlla C_i_>o _ j i " ^J.1 ^^ <"i"i m"i mi! 

^_jI 4J4JI (jj-1-£- » d'j 1 v ^.' ^ fl "' "*" a (jjpu ^ v * Lj >» /^-Aj * 4-xJ J-i-"^-J ' 4_i_i^ JL_>J I 

'"*'* ij ' uo-iJl L^L>, * • taJL 1 ^ ' ^ J ' A £ * a *--»j-CjJLi L^L^JI p^-j ^jjl ^^ajua-s&oJ 1 j 
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IkJLaJI 



Thomas Okarma L~j_Jjf _>-ba$- jjm-^-N 6-^ ITeratomas Ji* ^Lbj^ 

{ja *4 y i,Wb 4 j j - a c b^b». __jM d^ ■ " ; 1 1 3 j i j *' a- II ^ j - j »J 1 b^__*Jl 4_j_>.jj 
aj tj j" gJLl __£ -tUjJ t^ji-^LjJjJl j>--^ L*""^ A S l J .' '^ *^ -ji--*JI l_L_> I fl "m > 

ijt^^Vj ^Parkinson's disease qj ■■■ n<jL o^j-^e yl "->« jt-a _t-- Laj-^jj 
tUmbilical cord stem cells (^j-^* JW** ^ 5 ^^^ L^^*- r 

il£j__JI (J_i_*JI a_ __£» ejj&j-* JUwjJJ *>JlU 4_j__4 4_aJb 4jjC Jjk b5<L_- (jj-^J 

b^L->. ^yJJ _ 1 j :>.j ■"■ ^1 mil Jj^-LaJLj _ j \ "i -^11 __£» bflbj-.-*" I— usljI _j£Lx-J 

MM') - . - - 

tHuman stem cell of bone marrow ^lI^i^^2u > AJi^^*b3iyut 

. Stromal stem cell ^jl>J! Laj/n,.H L^L>J1 _ 

. 2b_ul!l 4_«L-_J! 4 T ,miVIj L_^b_-i]lj ,-l___-U lijSJll U^^I-JI LiU _ 

.Mesenchymal stem cells 4u_:J_>J! JU^j)JL1 ji 4jc-r.UI b^U* _ 

. Precursor endothelial cells 4j^ajJ1 4jc/VI jjl>J a;U.n 2bijVl LMJJI _ 

.Precursor blood cells aJjV! ^ jJI b}l_~. _ 

b}L_W. j ^jJJ 4-LHX1 4_^c Ju^JI LMJJI jMk ^LSJLl Ijla ^ Lu^j ^jJIj 

4 j i i^ r Lj^Li* (jJ] I n g La ^1 ^JjJ "*" Q^ 4J >"»j >» <4 j c J -sTl L^oj^ " m T I 

,( Ui -^ r ) ^^ f L>U ^1 4iJLJ1 4^Ju>JI JU^^Jll j? 2u**UI 
:Fetal brain tissue Transplants SLJLOaJigliSL^iui bM^ -^ 

4_5___JJLI Chromaffin ^L-^j^l LiL-i. J__J ^_Lt o^l -_„u Lib --<m 
<__L__It __]! jj .„ n^jb j^^uji Adrenal gland 4^^!! 5jJLII ^ jryibjjJJ 



'^•S\ 



2^jl\ jj^> ^XX* 



sLkUJII oJISj -a ■ ■■*'« t^aj^i' j^° c^ 3 Nigra- striatal area Sjjl^JU *!jj_mJ1 

f I ale 4 ^^ (^JJI r-Lse-Ul I JL^j J&30 aJ 4j£Li^_aVl dJLstlil CjLjVjJI ^ I fllif 
^j! ', *• - ■ L *J ■ La j uj *j • " **■* ' Jufc^_jjjj ' ^ * ' ^* J "' A |T n "■ '" CJ*L>- * 5 a )t il j ■■■^ *J 
d^L^La A^wlj^w L$j1 Lfllj Ly Lc Jij . 4_c1jjJI_fl J^jJI J-^ia-C jjjb aLc Julj w d "■ -^ * 

4 *y"*tU 4 -uj j ua «N Lj^L>JI f^lc. I j 1 1 <a — j jl ^j^-ji-l jij" ^b jljt (Jj-3 J>*J 

Lars (j-ujJjl o^J* c? f '*J *•■ ***t d* -1 u^^ *?*-l' J-*J w^ ,'^^^ L^jLiw wa ^-wLj^jII 
*j J * ' ^ 4.'> mi! *(!>£; nitll di>^' dp CjIjm *j 1 nil ^j'-^ <^ ^"1 **■ j U <iij^j Olsen 

l j^a jrt-fibjjJJ tfj^JLl CjUj until Lj^L>. 14J (?r rnill jl ^jqoJI 4 \ o"<S a j-j-^. Jji) 4_wsu 
LMj>JI Juk jjl IjJ^^-S iiJL j->.I jLJS jrt*J 4_yaLaVl SjajJI ^1 jlja jrtJb*. ^a 
4J-4LS 4>- uqu 4 j 'j 4 '*^^ L^L>. *y^" r "■->- (j^t , djl^iM "<->>. l^jac-iJajj LA^-4J Jj-dloJ 

^yJI Sj j t i^H 4a^^U 4_3e_uijVl t^illj l^iij J^v^ Oj) '"'J ^^4 l^J-^ 4jLuail 3jj-flJI 
(^JJl j-a^l tC^ajv JL5 (j^jJL' ^Ij-cl jl IjJL^^-fl L^iwLit-^1 ^ 4jI m U ^3^^' 

V j-j*£. (^ LjL_l1>.I (_>ix$*-1 tlr^>* 7=-* o-* 4-jt 111 J l_5jLli.Lsi jj^i.1 j-u^lj ^j-c.1 

. ^ Jjjium^jIj Jjjft ^jU%> t^>« r5W ^d'- 1 ^ L^ (j-"^ ^ '^^i 
■Brain neural cells of fetal pig^jJ^i*Jt^JL>>iy ^ajnnf U^l^-i 

4-u-uajJI LjM^JI (jji'X^^Vi Diacrine ^jI^Lj 4£>»i^ Genzyme ^jIjm-w 

-C-j ( t^jjtLa j 1 11^ i (^ I ^^j jlr jflkj ^J ^ a^J 4jv Ij-pJ 1 * ^j^-1 cy^ ^J-b^* ^ ^ 
i-Liij jj^o (^1 f^^ L^'j (*^ J ^ " ' "J (°-J 'UJ '" 'J J^. 1 U^J^ U^ ?- : ^*-^' frl <i Mill 
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* ■»'v-»H' 



\c \—A f ■# '"■ 1 j '^ 5J ' Lewi J Cj_jlS 1 g ^'f ^j j 1 ' *a "»■ j 13JU-S r " " Cj u j ■ ua * " 
. I JlSLaj . , . 4jjlj*3 *l L^3iLi^ ^^ 4laJ jj i^ilba LoLj Lua^ua ^-" 1 fl 1 <a < «a *»-"* j 



* ♦ 

*» * 



. lt 2j > ^V1 i^UJI 4jm^iII \0to> *Ron McKay ^l£La <jj>j j>^jl1I <3$Uj 

j^'" 4_uaL>Jl i— Sj^laJl ( j^« J-^- (j -1 ^ *-^-l^J i^^al-JJ-i j>^J 4jfcjualj ^ j « j " >^ ^ 

3 : ■_■ .Utl L-SjjJiJI LiUJL. IjJU^ l J £A\ ^ n'^t l ^LUI tUljJ^ ^ L>UJI 

ji j^l^JI^ .JjVl 4/m^TI l^iLp. Sj^L ^ o^j fie? Li>UJI diii, 4Uj^ll 

4_*jL_i_ilaJ I 1 fl j * j j jj^JS L4-S fyJu >J1 j_l_ljuJ| 4 1 1 4 r _ j m >JL1 ^JB _ Jq-j 1 *r> ^IfLa 
^jjl 4XL) ^JJI .^jj ... i jNjl t ^Jajj* 7T^-^- 3' < ^ ^ 4-" ^3 ' J a i *-"■■■ I aj 4 L^juo 



Myelin LT iAjJI ^^LiJI Uj a n". ^1 5 j ■ i^ til LjM-UJ Axons ^j^Jli 
. L>LiJl ^ 5 J; ,^.ii iJL^jJl Ji 4 jUr ^Ja^jjj U^s tL^j .Uj^U sheath 

4_4UJ C Lj^^ kJI ^ La - -■* j j j^ o-J i ^ -t I) (_3>l iJI IjL-Aj 

Li^Li- 3U...ij,j ^j^jJLl Lr a-i-a_jLll jl ^ >Ji ^ Oligodendrocytes Jutj^Jl 
^jV ^ J^ ^1^ LiUJJ .^^iaJl ^j i^tJl jL^>Jl (jJa Schwann cells o'>^ 
T- o ^LjlII ^ ^jiL^jjj G. *Raisman jLjs^_ijj *Y* • • ^L_iJi ^ S <Liu 
pA ■■' jLiJ 3-j-LlL> 5 j c J >. L)>L^ ^ SjjLqJLLI Oligodendrocytes L>Li^ 

4jj^jJI 4_5alaJI ^j^a ^^^So-jJI Jj->Jl ^jjCj ljLuxq j^f ji-B ^J^ 1 ^ i n as J '^ . .' 
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o^jjij ji (^jj^I V ^ jjLu-JI Lajjl£, ^ The Week p^mVl 4L*ja ^h^j 

Ijiix i LJjj-ijJl^ 2uuaLflt_» _aj*jj ijUu ^ 4_Sj^j Robert Hoffman (jUJsjj* 

* fi 

La f Jl tiu L-jLua-4 J^ (jt^ - >J^ j 7" A l$j-£u (J^lJj>- {jA ljJu>-1 _ 4j r Jljw Lj^L^. 

^j . jJLL 5 j 1 1^%\\ u_aLjVt J ( ^in LgJM>. jjjo ^1 Li^LkJI j^a 4-l*L ^j-*j 

Cjjjjj J-ualj ^3j j <Uj 4_jjJbjJLI 1 j *^ j f j j j II CjL>.La_A (jt-I-C oJj 4juIj 4j^^o 
J j La->J 1 ^j^a T * * aLlII t j-^a j i fl '^^j ^& ^5i>,cj '"-j » < *j <u 1 1 4jjL^»j ^jLa-Sjjfc 

Hair S^jlAJI l-jIj^J iJJLJl 4_i£ jl^JI 4-JiJI ^a 5 ^j . .^ ^ L>L>. Lr l^ 
Ll^jI L^-Lo Jjjua^Jl o^»! cr^ uA*^' L3dLH^' ^r-^ ^° i follicle stem cells 
4l*n-fc,U AjJLuJI LjM^JI ^I^i ji^t ^j ^Schwann cells jl^Ji, LM->. (^ 

t*>L_m3] 4jlS-jo] tfL'm-d ijjlj_ui U>t_a6j c-^ua ajl jj_Ste_a £i-Ljj ' - ua ■Jl jj •*• f 

jj .4-Lb j_a 2 ^. j ■ ;tl oJLSj 1 1 LolJI c-4 -^ c ^ 1 g]j (^Lt-j jl_J3 ^ L^L_>JI 

.^ ' 4jjLj Sj^x ^ Mill (j,!^. SjjLill i lj<" i nj jVjT jLill Mln*i ■ nl 
< nj<i^ (ji-ii 4fjJ j^^iaJ^JL 4_Sjj>J1 S^jju La 1x.jj 1% ■"■' a JJ-JJ J^^' U^ ^L? 
'J ^^ ^'*"" «-^J^ - JLjA^ (Jjj mi ^yic _ 4JUm ^^ 4 < i t a LdVl (^Llj ^1 i<jaJL^ L7 £ 

JjL-ijJI J-2J 2LiLo-^ .^^a-JJI J- —I I oj jU^Tl^ 3jLjjL_jJI CjLjL-oVI CjVL>- 

L^L_>- 1 ^ ajJj 4 jl o r _ ^J^jJll t _ y j u*jJ 1 jl ^ >JI _ jcJLl tlrvj ^-^ ^ J .' '"* *^ 

tjni^Vill 4-JL^. mJjJ** j/I 4 j u ^ 1 1 1 L^L?JI (j^a JUJLtJl ^ya \jbj^Cj 4jjj j '^^ 
frLlj SjLcl 4 jlfl r (j I La-a .Cj^fl^jajj /cSLst-aj Q^"' A ^Jj-uLuj <L^J (^^Ja j j i "" f^ 
Jj-a OjI£ La^ L^ldflbj ^1 L^j3jX.j l^U r «-3Ijxj J i n" 1 ^ 1 1 -v. j Lj^L>J1 ^jjfc 
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'LLckaJIftuiaJl 



O 



^,.<«tlj cLLoJI juJs j j < ii j pLS-J' 



>V J^u lUiJI ^ ^i J£ J^ _ ^1j£ l^^^ 1 3U a\ - *IM cr* 

^jL3 4_*j_lLJ1 jl JL_u idLpJI JLo£ (^^l^. 4-iLiJl a jj (jl jjfc ^^ JLjwIj u-flJLA 
. Jlaj j^aj J^ j^a 1 jUU 4_*1SJI L^J J5SLJ j! ' . - T ■!** 'Vj' U'i'»l^ P L^* (J J ^! 
:n*i .5, J: U!I ^Ij^J {J7 c J Jti\ (JjVI V] ^ U L^jJ^Jl 0? 4-Ll^JI ,jil 

Jl rbc-JI IjUb ^itg'q _ l£Uj ^ ^^ J^^JJ - L^^ 5 V,' U<I tlry'^ cr^" 
. * < t j t*i a Laj J^ujLjl^juq uJj ^J ^i ^ 4 Lj>* aJaj_J I ' ^"' j ^ /J9 (Co^o 4 aj-jJoJ ' 

^JJj Iju j]j il^jlj 4 tj.UTLi 4 imUH Cy l £ . t ,U-,t l j^ o£ VI 4jr j ^Tl duliJl 

-LLjJI Lai t(4j_iUv ^ l-aIj jl £>^) Jd "■ L<ulj >Ju$JLia . iJjS.\ 3jj_a-o <J& 
JL^Lj njLli (jj-il Ui- 1 l>* 4jLiU JuLw j^of ^3 j mi y\\ L^L>J ^jiAjJLl ^ia-il' 

^^Lu aLjjI 4 <ujjJa LiSLa 4 << * n i l£J^Sj jl jl-l^j>J1 J i j sfcj aIs . ^LoJLd Ll^j 



V J *" A J) ^ * - "I ■ " 4 m ill CjjIS IX J t *fl "■ Vr d*> ■ Jl J^a ?L>. j-^Vl ^^J (_^ ^ISJJ' 
^aLJ^jj 5 , c \^T I 4 il^Jl OcL^ JL-Ug IjJ ,. .* -J \ Va JuO V ^ gfcl^j tljl JJ 
4 jr Ju>JI 4 .ii>Jlj . 4jI j ^jJjJLI 3I"nI 1 jl a; cl j. -*-• * 2L2_uL>Jl (^ jJb (ji-AJL^ 
b>L>Jl frLi-i J-jJ^JLi ^LlJI I JJt (j^tj ^ylcj ifrUJL 4^alj $tl 5 *j Jail ^i^. CjJJ 
. -»\l -^jtl t j-u^_ J a j^yJI r-l "i SfcJ 4-La j j % i^s g j •*• s -^ ■ t^a «H jL^JIj 4 j j ua *^' 

Spinal^j) .Ml Jj^I oLLl-£>I ^>Lc ^ t j: -.< J^i lj_^I ji^SLj 5u^c ju>JI 
LMJkJI £j^jf jys -sj « "II (jl >aj * JjlJa ^ LUk. I ^< cdJjj iCord injury 

^y3 ' . ■• -■" II j iLja (^^j^a jl CjjU^ \'*ic frlj "■ »3>-«jJLl j) 4 j I ■ a I , I 4-lio^jJ' 

-3j^JL»^a & I a-^Ji 4 j ni\ J « *yj La i4Joj-ljj Cj ■■■ jl 4 jIq r L^jI j JLjv ^^5 <_pJ' 
■ I'd^ -kJ 5 r _.-\ 4Jl t" i»VI tfJLA ^£U .3L ->",... ^ ^juj JxiLSJI ^MjlJI 4jU f>J 

L!>L>JI ^ys 4-jj.i t"i II jl^ i4-j£. jlj>JI 4-A>JI «_>aLJj-J I i o ^'°i »_« Jjjj (_a^j-^j 

La Luj^ d>3^ ^_fli^-uj (J^lj i4_i-^JL>JI ^LoiiJI ^aljjJ ^ya f*j^ i^lj I4J 4_»LuaJ.' 
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aJLx. ^s 3>ju j » jl^_i_ui cjLaLjil^l j^Ja ajJo-a j»jua3 Lgllic " jj iaLVI j-^-Ij 

^j^a j j o **i jj TO (_,-fl-5 *r-^L«Jl (jy^ L^jal J-it-lj-ul (jj>k C-uJL>»jj 4_lC Jlj>JI 4_^1>JI 

_ Kang Kyung-sun ^^^ jJl£ 3jL-L» _ ^j^JI J-^JI <* jd J^ <MJuj jl;>" 
aj ^ Multipotent adult stem cell 4_ULi 4_i_c:jljw L>L^ 4_cljj j^ \j '< ^' 

4 t i n*i JLLa ^l^^iJI 5 t j * 4 4\Jj 1 ni a 4-uaj^J, ^jHJ <ull J; >JI ( jr fl ^j^-uJI J ■ — " 

J>UVl c**>i jl2j . 4_iu ,^, « ^^ YV Jl ^ l>cVl cj! j ixi^II ,-.^iu-,...i 

jj-4 LfcJj-a-4J j-j-i-mJIj 4£j-j>J! ^ji^. LgJjJLfi 3jLt_lj-ul - L^JLvjl <Jj-3 (j-a <*\^ a~\\ 

^jjjfc j^ " <jJ1 4 J^-jJ1 j£>-^ jl^j^-al jljxI JUs I o < - ijj .nil Jj-^>JI (»j <>a 
£ jLitj Lo j^j ^Immature 2L*^dL> >oi-j Sjji «^ cJij La _ Hoon Han <jL* 

.( ) 4j£.Ju>JI L}L>Ji 4ijt-« ^ CjjJLj l ^1\ i4.±4J\ 

_ jjj <( ,j< ,„j^ 4 t ai T-) Su-Chun Zhang jjlj ^_^y j^ i <jJI ft L^ ^ 
LjMj^ ^jJJ 5j^ j, ,tl 5.;, ;^lt 4_lx.ju>JI L>U>J! J^j 4_jSLj jH oV1 jij — jj! ^ 
Motor neurons 4_j£^x 5 :b."^^ L}>L>- ^1 3jj±>Vi J>>. ^j .a^^^z- 4^. j^ 
spinal motor 4_i£^_i 4-i^^jv 4_^ j i.nr L>L^ ^j Lajjju L^Ij^j *^j>3j 
JjL-ujJI Ji ^ii. 4J3JM1U LM^JI - Jj-5 j^a Luk. La.^ ^^aj _ neuron cells 

^^^Jl JoLUl jjja £l^ ^1 Olj-jiljl (Jj/io ^ ^>*iJl J^' cr^i ji* (>* 

l>l^ ^ 4jm^ti ^j^ji b>u jj^; 01 ^jlh" 11 u^j ' (rr} Lj>L^ oiiU 

■ S\^ . .. <-, ... jt a A ^f _ ^^ j , ^ « T 1 jL^JI ^^ L^A_>. Ajbl L - r Aj _ 4_pjj>. 4_uj_ij-a£. 
lLLI (j-*i j-*-" jjJ La-^j . 4_uj1jjJIj * ** ■ staJ 1 ^^ Ji^ 3 *-■ *^^ ftl oUIl * ** ■ S a j I — 5j 

5jJ t <t 4 I j t a CjL^jIj 4 n 1" V a CjVL>. 1 <>ijl JSJj i^j_i_Aj ^rt a Sjlxx (J5J 
w-jj-ajj '^j' j i u-LJl (j-*j (_^9 Ijlxju ^,*~ "*■' q\ < " f j 1" a ^j-^-5 tjj ^!nl T dJjJL5tjaj 



^•^1 



>oj^l j^^^J^- 



Itudidl 



J-S2I. 



.c_ij^dJl J irt"n nil ^^ 4j£.Jl>JI 
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J-HJLj ijr ic I i i n i a (j* "j -wL-xJl j- j ^j *** ^« * 

^ ■ -"■ > 1 d a I j**o j ' iS ii * j) n *** <*■ < >■ ^ la * SI 

3jL-aL>- J>L>- (jr^J <4j|jJI ^j^Jj t "1 \j \ ai£Jl 

^j^. 3L>.Lilja CjjlS_9 S^jjjj til u-jjj r ^^LjudJ ^& 

1 *j^ l-Sj t ]\'^ o j rt <i 1 1 j in j 1 1 JLjju L^-jI 'ji^ 

.j:>^! 3j^» L^JI J5 iJl 

4_j_L»JI aJ he j ui-J 1 nj a <_3j %j ^ ^ I j 

Lfcljj L^-£ ury«JI jcjj^Ij ^^ u-Sj^aJu ^1 Vjl ,^>UaJi ^i u, 



^•^1 



^jl\ jj^^XX* 



* ■ ** 



l« 



^J\jfcjl d 1 ■ ■"■ A 



f5ucJL>- L^L>. L^j) 2u^^U 



^ ■ ...>*ti 






(ioCJ* b^U t«j) 4^1 



i-i-U. 




^JLjI <— dJUHJ 



3>AJ 



('ij£. 1l>- Lj>Lv <l>) ciliary body ^o^ii fwn?JI 



^g > < *a 1 T 1 Ui 1 1 r\ « T i 



jrjjJI *)J^1 |»Al uuS^i J^ ( \Q) J* miTI 



*• • 



.Neural tube 3 ; ; uajJI ijj-JVl jji t^jJI 3 X , ,*:, 1 c? _ij_L>JI ^L^Vl 



i A 



Neural/ glial stem rplla ,;; , jjj 4_i_cJLj>Jla ^ ■ ■ ua *J1 4_i£.ju>Jl L>}LiJ1 
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^£AAaJI JAAjJI J$J SvUn».ljX j .t> v^II KjI^II 



■i— t u i JuJ_X_>u 



^ <jLx (_aVT 3j .'i.r Lajjlc *JLj ^1 _ Retinal stem cells 4_juc Ju>JI 

Retinal 4_iSLi__JJJ w « ■ *^>n ^jL^kJI *« --'>ti ^ Iajj ,^ a uj^ei 
Muller glial cells ^ajjJI jV^» L}U* ^ jl pigmented epithelium 

^ 4 j , mill 4_j_CJL^>Jl Lj>L>JI ->>^>-J (j^ Jj-I-i tULiA (joi-jJ 4JJ JLIj^ 

SjjlSJI L&jjlJ (j^jJ £-JL_j-n <j«^V miTI ^^Ja 4 j^ i mi!) ^1 J^- 1 ^ 1 U^*-^^' ^ ^ ; -■ 

tuikll J-Lc £>£Jj LfcJj^>.j ?-^J-^ j^ *.'^ o^J . I j ' A ' dJLu Lft JUJU>o Ly ic 
4 j^ i mi 1 1 L^L>. jjja j I *4 j^ i Milt ^jL^IaJI -^ j - u-Lll L5*L>. (J-* lt^^ '*'J ^ 

^3 Neural progenitors ^-uo^jj^ 3/^,,^ L}U* >-■* ■-<> 4-iSu^aVl 

^J3 4 j f I -^J| 4 jl->JI ^a-jl i,^ v ^jrni i i ' I I" <; ) (CjLuJ ill 4JL>.I 4 jS i i"i 
4_j_jl-j_j-a] I 4_u V g II ^1 i .. "wVI ^^ja _ IjLjJL_>u _ Lfe^J- v j 0_ 3^ . j— i_j_>Jtl 

L>L^ ^Jl jjI o r> j .I kJLI ^ L4J1 L*-£ Pigmented ciliary bodies 

i^-bj 4jr 'v^.11 /n m. -^11 L^Li- 3jLi-i-u ^aj . ^ ^ j ;"■ », 1 * ^ 4jSLj-iiJI L!vL^ 
4^j-ij i <r^ til Lj^L>JI 4 _ :r lc (jj) "< ^- L> J-Ma_>- t4 j-lj-L>JI 4-ulJ »JI 4_-J_>Jl 

t>^ 4JjJ^^a <^L^ t^b^ 1 L^?^^^ <j^ C^'j '^J^l J' ^r^^J^ 1 
^J| 4 j\ i Mill Lj^A-S* ^_jL«jj ( _ t aLij 4-j-L^-t-i 4-j^Lk ^ J ^ J '**' J^ 4 '-^" £"^-^! 

U-4 * Photoreceptors r j ^^ 4L ^" ...U L)>LiJI JiL* 5 ,^ ^^-^ L^Lx 

^j-a j ju -> 1 1 i^JS f. j i >i 1 1 4 I i <i" miU Lj^LiJI tyl^ jj J uguJl ^j-« ^tG->-LjJI ^j^ a 

L>UJI ^j ULjJtlj 5 : ;_.; r tl 4-uijl^JI LMiJI j c U IjJ 3 <,.Ml L>U 

^ ua ■>■* -^"tl 4_j£Li_jIJI L^_>J I j I "« *\ * ljJuua_4 Juu i4_jJjjrl 4_i_i j_l_l-s3_jJ I 

Retinal j<:, ^JL 4_J>L^VI o^lj^f r^L^ ^ L^_J] rl " ^ tPJIj 
4_j^cjl^>JI LM-iJI ^ v .^>>lj t | Liaj? I gJLaj ^" Vj T1 ^ degenerative 
^>Lc ^"i ^r j II ^uSjjJaj Meyer J. S ^^1 ^U pli^ ^,1 4 jULI 5 j'^-^i 
j-aj ^Hereditary retinal degeneration ^Ij^H 5 X.^.ti J^i^l ^j-* 

^y& C-oj^jo (jyJ'JJ (_)Ii3j-a J^J 'Q^'*' '"' ^ * " O^-* l>^ 'J*->-IJ '^J^ ' ' J '^J 



^•^1 



>oj^l J^^^J^- 



\'LAjJ\ 



mi 

L^J-aj J>_)LoJiJI 4-LaLS Lj^l-3* 1 j * A * J 1 >J 1 J 1 4-4-45 JJJ-3- 4-JJ J-J ' ^ "* U^L>»J 

- ^^ajjJLl jL-iJl ^/^ (J^"'- 5 t - t£: jj Cj^- > '3 -j-*\ ***'^ <L«l^ j-j-C L^^>- 1 frf-ijl 
Sj^j-^Vl CjLi-u_all 4_i^3j_3 tllj-U Jjl 4-1)1 4_jjj^w Lj^L>J1 4-C.ljj J-Ja-dJj 
4-u j) i i rt i II 4^ i i nil L5<L>. fjJ (^1 tZjj-jL^J Lg->? IjJUkj _ 4joJj>JI 4 \ j 1 1 T 
^JS 4jUlU I n j a Ljjw^Lc LarTf.3 Lijv jLftj La J-^J t4j| i,r>l,1 Lj^L>J1 ^j-sajjjtll 
a U '■ lj « 4_&4i_jL> 4 _^ls^JLI 7*-J>£- Ju3j 4 j int" inlj t j j jtll (^^'j-*' T'5'Lc 

.aIIoaJI ^^ ^ 4-i£.Jl>* Lj^L*j c^S 4jjlcI (naj Otani A 

4-jr Mi'iVl <jja <j^ t>° J "'^' l^ 3 * J'J '> 4 _i r Jl^ LM^ 4-^Ij^j tiil^j 
7-5Lc ^j-x IjJS-«j (j* 1 ^" 0£±*3*^ (JJrfJ.9^ ^Lftlc 4j aL^ 4 mi n i fr(_j "'".$■ 4^JLl!l 

T • • X Jj^-it (jjaj .' ' i£j-^\ (J^ 3 ^' t>° ^ c "- 1: ^ W^-^ 4 X i Mill ^jLjL^III 

4-oLa-C ■ jc mjj 4_oSLi-»lJI ^^^Ja ^aj^JI -lj^>-J (jl ^jO->-LjJI ^j-a 4_C^-<u>--a JiSI 
b>L>JI l>Cjj urv*i_3 t 4 < i JJI »j.-'i ^ SLcjjJil L*>L>JI r-LoJulj Jj ;^ 

l>il£ j^UI - 4j_«ji3j^JI LiliJIj Ocular stem cell jryJI 2L^juJ 4_i£. jl>JI 

L? S La^cjJj - (^jJu^JI ^jlgloJI g-j i nil! tj-«j 4 _i^ j mi T I (jj* l^jlr I j 1 1 n -w jl^ 
■k^ * a <"<i n ^ > 4-CjjJJU L^L^JI ^ ktt a ^jt IjJ^J t OW * ^ 4jLuaJLi 4 jS j mi II 
CjJjL^j JlB L^jI I^Jl>-^ Lj-S t4 ojl i nil (jj-i 4 jS i ilitl ^j_d 4jLl^JLI 4 a-LaJj I ^J9 
id ^K . ~.\\ ^yj* 4-»L_juaJLI 4 5 La * 1 1 U^M >J 4—ojI In a 4 j "■* j <a sc j a u^ >- ^^Jl 

Ijjj L>UJI U^ c^jj ^pJI Su^iiJI 4l^JI l_^13 USbj IoSLaj . 211^1 jJI 
^ r> , ^ V'l l (jJI 4^j>jJLI a^^j^JI^ 4—^1 jl^JI L>UkJ1 4^1^^: ^ 

tfj^JU (^JlII^ a-A^H L^ 1 - 1 ^' A^m 7JI 3-^ "' ' ""* L^\ 4 ^ j 1 1 1 L^jJ . ^ 5Lclj_pl 

,CjIo_uJ| (J^J 4->JLi-a ^alj-j Jjftjtj 

Corneal i^j^ <j£-j^ W^^ ^-bj c^ 3 6>i^LiJ' Cr^ Y * *^ ^L*J1 ^j 
^ <:." ii" ^ulj LM->JI L^-Lo ojLi-t t 4 f ^^ -» a 4_L>! 4_uj-i jj-a stem cell 



^•^1 



>oj^l J^^^J^- 



L^j jryc (jjl cj! 5-iLaJi jjufc r.irt'i ^ Totipotent stem cells ^IjjlUI 4_LaL^ 

JUu /CJ *u icJilUl t-^Ljl^I 4_tLiUl 3_iLll ^Jl jJ^Jl L4-4 - 4jjjJI L^_La < ,aM _ i *\\ 

.^jj^i 3^ «j|>JI J-* o^lA 1 u^* ^^ 

Iris pigment ^jl^II <_,;■ .^11 ^jl^JI -j--- :n L}U* ji jLLJI j^ 0>*^W 
L}U. (^ ^>i^ Spheres c^L^S ^j j^JLI ^js J>*^ epithelial (IPE) 

d J .' ' L!M— >• (^yJ] d j i ul IX 1 J-aIjjuI 4_La_i_uljj LftjaJu Jjf*-**'" 4_j£Lj_*IL 4_iXfi_j>jK 
IjJUu^q Julj 4J9jL_rtU ^j t u ^ II ^jL^loJI x J'"*'^ 0' '"• '"'J ^-° >A3 1 4u^a uaicll, I 

t yn) 5.<..':.n 4_ulJl^JI L>L^iJ 

Hair follicle stem cell ij % jJl ^jI>^. ^ 5 j c 1> »J1 ^JJkJI ^ Laj 

tjN fl > \ n a i^jl i^i Llj i>J j^jX\ (jA n j o ^Tl (jyifii 1 j A j S J JjljL-C^rl J_ualjp 

. ' v-jjj! mU aAj jp j i r> ill (_£JubLiJ Jloju f^S l/l*JI ^ j^ ; ■"■ L^li* (jjJ] Jij) "t" 

I^jj jji a j In" 1 1\ t Lua S^L^.1^ Sjjui j^-3 1 -VS frj 

^ Sheraz Daya Lb j\j j ,» j^l^jJI ^>SL*j Y * * o aLJI ^ >jJ*j ^j 

(j_* Ltiaj^a ilry-Jj' ^^-^ Cy* 3jL_=tlll A^LUJLI ^ L;j) jSL-9 4£Lill ^ji 



■ " ' i .. A 



4JJJ Lt-tq V A^J ^i_)J t LajLjj d 3 15 ' ^ J 1 1 'g '"^' d a t \j Vjil vl^'-J AJ (4J C-j-JJ-3 

C^JIj La 4_^LjjJaJI tfJLA r-L>o 4-j '-' ^jl tfj-Si jJL^fcJ Lc-^J) .(J!j-^.| Sj 4 J>^1 

l-^ jb "<TI j_$h f^S oJlj L^a L^-Jl ^£1 i /*V * - Y * j^jjl Ju^aj w j a >4 t>\ A Via 

(J-jL^j ^"i •*• ajIjJI L-^j^fc^Jlj ' ~ 1 3fc J I (^jJa 4_ii!L5La 5^-JlS > - > I s j j 7* A i_^! ^ I " ^ ^j 

. SjLqajjaj 4-Lci 4 ^-J < ■■ 4-txio^-a (JiJ^ 3 cr^l 

^^dIj-AI 7->Lu3l ^ 4_t£.JL>Jl 4_tL>Ji A I Jlifcli » V aLJI jU^>-,.„VI ( JUfc ^J 

jLcljJi LjlsJ aLJI Js ("ill i— a^ iVi mi > (j I * jU" ,,. i , ^^..^«* . .. a c.ula ^^Jl ^j^jaJI 

.3Jj*jlII 4_i£.JL>JI 4^L>JI J tiaAj LflJ^-i J- 4 ^^^ 0^ J^"^*^ 




'^•S\ 



2^jl\ jj^> ^XX* 



l£-$l\ 
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Jh yrV i 1 iitl>V ^ AV 



0J-£.JlJJ Sj^l i. 4 4<1 Mil j-SJ J Ji "< "j i n J I ^ji^t l\\ 

)4j^>.aJU jjJflJI ■ g la ' " 1 Ol *> '**> 

jjL-C. J-jL-C- 7* J— *- tJ-4 5j i_uJJ 4J_4J wLxj SC " j 

4_ili»Jlj )\ $ j 3 1 ^ '^ r 1 -^ > 3 L-JLc. (jj-^J 

t"<t M 7"J^-J ^J-^l CjIjS_<-u (^yJS (j^^ 4-lkj mil 

SjjjtJ l.n^U ^ ^ ^1 ^1 L4I4 j-UI J^3 ^jL^ 1 ; : & -"' u ~ -- ' 

^jjJI LiiUji ^ ^"" UTlSj .julJI J£ L^ jl^^'J^^*^ 1 



Lft^a-C d^c j -^U riLiiiJ!.. 



l£>-$\ 



2^jl\ jj^> ^XX* 



■ « 



I^jC^ Tr"i jl_g '(^jr-A C-i^l J La_>a ,jjl lj_iJ^JLji^ t^g-jjj 4_j>-L>Jl ^>-ii>al ^Js Cr^J 

**aJVIj 3LJL*JU 1 g 'j\j J p<3 * ^ j' LgXlLa Q j j t * "' j p ^ ' *-! ''■"'^j ■* * L<m» 

^oj L^jiivlj /ftSLrt.o aLL-u ^jji l_£JL>. j _; *"i *dj SJo-j uaJL 4_lLscJJ CjJL>> I jLa 

1 fl-^ •; JL_>ol j^. Xj'H 5Uj ,,.i 4jj|jl±JI L^LiJl /jl <Ju^ l (jrl^' ^4^*-"i J >^>^ 
Loljj ^j- dij L_a *_a OJu>ul t»l a Jl ^yB 4_ojLd 4 3 Mil, ^j^j *" 'j ■ ■■ a > OJuvj 

(Jj-^. j^ -ll in -v^/1 j-a£. ^jL^-ftJJ IjJLi- 4 j n jj ^jJl a! i - aJ^H ia! i u Ji'i^U <_£JLaj-i-uJI 

J-ij ^ n<t LULIJ Jfll jL^ (jjj ^pfll ii.fl'il f-«Lj>J L^J 1 injl 2LjJUuu>JI LjMjJl (j$J 
d j Lm> u)U (JJLLa jjj u-Sj^jl.^ aJb LoSj .4_^3J^jJ1j ^j »-i->JL fj^aL^Jl n-au^jJ1 
( L^lpfc_A Jj>u Lj^L>- i-i-ILlA (j_o£j jji Lo_jj>-^ JLiV i d i - a '■ C^JjJI ^yilj tAjJ J!^ Oj-<u 
Lj^Lx JL->jj g-j i ■■ ^ J£ (^J . a! in ni^U 4 j u "»> 4_!l l3->-$ jij-^ l>^ t-iiJi OJL^tJ Vj 
. ^CLfljl U" a ^"t jl-%. ^1 /n i M n i"j U^L_>J1 • j^> Q ^j£. L>-Lj-ja \2jj-lm ^j-^iJ A^4J JS 

Oncogenes 4-^ajj cil m -^ L^j r.j -w I ^ u ^^"t 4 a ,r> a 4_iL% J£ ^1 j^IjJIj 

I j_a> j j r ^jjo 4JI jl t^j^l ,<■>,) 1 1 jJfe I J-Aj . Ufe^Qjj LfiL>Jl a1 ui-fl-ll ^j^l 4jjjj i n a 

Laj 1 Ll>.j^w C i a LH I La j) i 1 fl >■ j 1 ^^ LoL^al aL>-jI J->»ij j n t r 1 ^Lj ^1 ^l ,« S'iVI 

4Jlo> t^ a^U ^ ,,,!! ,y Th,jj d ■ ,. ^ i pj ^ <>t"!l ^ja 4JI Juj . LjjL-a^j LjJj1>. CjJJ_>o 

* i ■" t L^jIjj u-iis {J! S 4juLil CjI 'j*^ j^a Ljj L| i-oi ' 4^L>JI J>»l J ^j-a CjLaLuiJflj j I 

«^ljj Tumor suppressor genes jllaj cJU jl aL^-IiMJ 4^jtjLSJI olL ^u ; 

^Jj LbJj25 SjuJiC a! Min\l CjIjU r ^ Cxii-Jj L^°LaJ cJal ^pJl 4_iLiJl (jl j^aVI 
- L^J l-U->- <J-A >-X Lj _ A 0_OJ L^J Ld t , 1 .» **-t 1 /JLc 5 J— Jb^. 4-Lk3j_UL>Q 4_4 > * ^ T 1 <J ' 

JApopoptosis ^LJ.1 jbtlJVL Ulj aLhIjVI ^ L^jiiL Lai 



^•^1 
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Q lb jauJ 1 3 'Ljlc laJ I 'LAaS I 

)1 JjuanJl lJufc 4jI^£[J f Ij LiJLLfc jl£" La ilaLaJI ^Jl^j *Zj 1 JlA <jt ^J 
4_iL>Jt J-^l-1 i-iljL^Vl JJAj t a^ < Vol »-3>-aJ ^jL-iJI (jjjj— C LLcj IjJ 

^o u^-Jul L&S *4_L4jjJI CjLLi_>JI ^ i ■ u3 4_uaL>. OLIjjw 4_JL>Jl <JLc j t^j . ..** 

BCL-2ji YJ .^ .l_j j Neu j mj Ras o-bj Myc ^L-* c£ * ^'.i > 

LJjLuu 4_JSJI j^al L4J lIJj^j V (j^J .^jJ^Vl 4_pajyi CjLLij>JI £y* \-*J±*-J 
CjI m "**\\ JUfc J^X. X-j^J Sjl infl CjI m ->■ ^Lftjj 4Ji ti id 4111 JL>-jl iij t L^l Jua 
RBI 1 ^ * a j i (j LLs j—mjJJ 4_jac_i lS Cj 1 Lj >. . >t ■ .."^ 1 . . . .. LJLL I C*£ jJ I j-JB a J A JJ 

(jja 3j^>.jJ.I jUaj ...It 4jtjl£JI SjljjuJI cjLxj>JI ^ Uaj^j E-cadherin j 

jMkVI (^yk- (j^kJI t>J^I - 1 ■■■> ^ tjUoj '- U £->l£ jr^ f<uAt (J I JLu .4 ji^H 

^ J-4-*j pllaj tJJ 4_^t_il£Lll cjLli jJIj <( Y * r ) TP53 oV^j cj w i --j <ju*. 

(j^ LaJi^ ^ f ^a gj 1 ^1* >u 2j ja! ■-■ cull 3jjJ (J^-I^ja ^j_ja 4jj_*_a 4-L>.j^a Jli£. 
J-4UL 4 a aiaJ 1 1 5 ** & j j ■ -j tjj-ii (J^ ^jl ^j-« JlSLIj ^jl JUu jj L^jj-^ 4 1 1 rt 1^-a 
1 ^ 'J T *— >j *y f j i4_jL>Jl ^^ja aI ■■■ ^* >l aLaj CaIbI ^jlj «4JS Ju-lai— 3sJI CjI m ^ 

4<;.^. J£_> Jn til ijl_u oVucj Qy^ u\-^ A a *\ ■ * A ^LSj! <>£. 4_3c_iHJi 

j ^ ' a . aSL>i 1 1 4-j_L>JI ^LlaJ JU-uJsl ^JJI ^">ib r-j^Ji lLLIJlj La_flj_«a i4_^alj-i-o^ 

^A jtijjLa 1j^3 aj t 4Jjjdl ^ 4_j_^|j^J ^1 <i r I r,\\ -wl JL5 J£-cj^>J.I ^ya 
Ij-CJuasJ (jl 4-cI^j JSLj Ij c 1U" , ,.l La J t ) 4JjjJLL> 1—s 4_ala-La ^1 A^jijl j i n 

4JjJlJ1 ^yLi J_i 4JJJUI J£ j^jI^- 4 ^ j-^j l_^Ij-£: djl j 5u^>. J^l mi a JijIjlj^I (^j 
L^ljjl (j<r> ^JJ 1 g 1 «Q Jfc <i JJ Sjl j 1 11 J£> jj" j"^" j j_j_j£jI sJ^uLuaJl aj-Sjj ) LglS 
^j-iuJj '/* jl' ■■ 4j1 JLSG ijl VI jjjJlLi 4J 7c 4 '"J Vj iLftJuL^ 4 ua >.j ^^aLSe-Jjj 
ciUj g j irtj 1 mj j— Aj 34 Ac (j^i nTI <m-j jJ La * ^j-ojJj t Jal mi c 4—^1—^1 ji d*ljj 

m^J^>> jl £JLJJJ r4JLxi_A 4^-jlajl (^-ijJ CjLjLJJ*. J I ■ ■■, ^ ■ ■■ ^ *' >1 J^ ' i?J-U IS 1 hLq ijjSj 



^•^1 



^°J^' JJ^^^^° 



^j7ij "r a "ill ill 5 \ <j j^L-stj (4_jl-3IjJ,Ij (jTij 1 n" IT t^^-^-l CjLLljwJ ^ ^1 ■ ■■ * JJ-^lj 

dJL-^l L-j^ikll cdUjl <>* 3jlj,.,ll jlj£ jj! c^!l <jj Ul .4JjjlU ^ya (Jj^ 1 

i.^tjtj ^jl ^j-A 4jl2*mj iji^oJl ^jjJ^- 4j1c ^ ^ ■ SJ1 i^yilj 4JLa (aI . ..SiVI CjLLi>.J /c^j 
J^uLuaJi I Jufc f*3-ij 1 Jl£Laj . Laj-^-i-o jiLsuj L^jqLLu *— jj^itJj 4_uJlL1 ^^^Ja I jLuiJQ 
-Irfcfl > * j o*»» jj-4 CjjilSai (jyoii (4_j_LjJL*j fiLpjIjj^^lj 4_uLfcjVI Cil jlo til J5T t_dil^j 
O ^u>Jt (Jjl-^j Ll\ <iSj 4-1j n La A 4_Lo1 ** lb, l * ^^ ■" iJjj t^^-3-ifl ^jI»_jJLfl_lI 1 
njntll * j ^*" i aJ 4 J ^lUj. , ,.ll 4_5fcjl£Jl mjjJk^I oLLp*JI j fl-LaJ (j^-^ J^ ^Y » «^J 
t L^J Ul L$J Li! : J>-Sj *LiLfl t folj >L ^1 ■» V»VI 4l^>lj_>a J& <Lii>JI Jjljjj 

;4_lL>JI JS ^B 4jO J 1 1 II fLiJdjVl »J <1*^ ?TJT m'll ^aj^JJ J^jQjfl 4-3JLJ t f l 1 nQJJj 

^ujLa. el aJjJl *l <y mi L*£ l^*^ 1 3*&* 'f'^J ,J *^ I J & (^ 3^_p*VI 4_jq>KJ1 <U oj^J 
Loj \jb*\ )c j . J-4JU (jy^J 4 j 1 ~n H ^^ ^j-Jm C*Ujj>J *?j^alj1 jju^aj ^jJI *>^_Li->Jl 
JJ3CJ-U jjl ^i^ tjjL<-uiJI (J^l I JLA (j^J i^j\ mjj a! 1 ■■ ViVI ^c cJlS^jj 4^L>JI £j\ 

J>U. SjU^a 4JLkJl <ulj L*£ ^ jjl >^Vl J^JI _^aj Apoptosis jf £^j+U 

4K.nU ijXJ .O^IjJUJj <",^ljl JLS (j^3 tiiJJLl L^LtJ^ .(^IjJI flj .^>H IJLA 
4S1M- 4j ajJjj>JI ,-^jv ^—^aL^- ** i -dJ OVi^j lZj (^->- j^^> * LqJLlC >^Ja3 4^j_i>J! 

SJr»JI Lu^ .4JL*_* V M3Li jjjSLj ^^^ ^Udj-^JI j! aUj l^Ix^Js i(j^jL>JI 

, 4\a\S ^jU^j^ljaj] 4-uslS 4^j^_<a ^Jjualaj LoJulj (Jj*JI l J- * ' J " 



mJI UaJi ^ibjrii ^Ib^Jl m> 

sjr^j I ^m_i 4jjulU LlI ^i i nVt ^"i ^ ^j fiiftl u-*l3 ^^S {jr&3 d J # ^ . 4_aiU_>Jl 

J J d 4_j_L_i_2-j>J I 4-j-*L£jl LUnjI u-Sjjui ^^Jj t 4_jjlJbj-uJl <-j-C j >JI L^L>JI 

jLLdI ^^jj^ 4 ja i nl ^jj^-^JI I Jla » L5^-_>JI t j^s j,)^^- Lj v i n -v ^^3 4_JL>. (JSU 

^J| |j_ku^ . 4j nl-^ill 5jlj mil 4 m rt"w ^j£ 4 * uaj ^JJI «jLj-iJln j^^jiajLaJI SjLj-uuJI 
^^yJS Lju^-5_j (j^Su ^Jl>- iijJL>. 4— JL»To-l JjLfl *jJ«d1 4-jljjI (jlc (*9-S3 3jLj_j_uJI (jf 
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w ■ >> ^ i-jj 4"! *-*■ «-Lutal I Lftlj Sj j "i ^ Cj I j 1 j"i f ^S LlLJjj il » a ^jjjLLaL eLal <i" ^Vl 

CjIJ^_Jj^j ^ (jj)^ "'J l£J^ *-Sl>^^l Lr ja1j-Jill Jl^Ls -^r^JI ^ jLc_j>Jl 

C-l3j V (_>AjLiJI (^j-^l J 1 11 ^ \ I flj, j ■■' * w a a . ^L^j^aJI 4Jij1 j mi i^j^ * 1 m 1 1 
Ja£ I jlJS -jj i-uJLI 4L^lj-a aj cJdllll jUs^t j j j t " I jj^lajl ^-<JL>- ^yl^. »-_fl^al! 
(«a3u ^JJI ijl JLjj .Llt^JLI ^^ s-iLlijl jl jj^j^a 4JI dUi ,„.» aI 1 « a |jla JU-ujkJI 

?j ae * A 4_jjI j 4-5jj-Ld ,_£ *mj (4_ijlAJL« 4ajl5Laj 4_aj_3J 4_lL4j jJ^-Ij-4J 4 La j j j ^ 

. 4 1 * t dJLj I a Jb J, rs > ■ '^j £_Sj >.j ur"" ^d ' " ' Je^fll "*• J > ^j Sj i5ju cuJjl 

Lj^I >■ (j_4 4j 1 4j aUsljJI (jr^-) 7r j 1 11 } ' ^j S j La 1 1 c- ij"^JlIl lJUb ^j^a ^ i"i " 1 n ij 

i4^JL>JI Al_i_a_i3JI 3jjJu ULila j j * *** ^ j CO" 4 ^>^ '*»>-' tJ.q-*J 4aJlU 4. 1 ml a <Li£Jjk 

L|J^J i4_ljjJu pj-^^ (j-^ L^La=_i j t u ■ ■■ "j \ JLoLi ^* J Ij ji tdli|jj 4jkjj^uj L^ILjL^J 
aj Ojdj 4-U (^JlJI iC-jUJI pLiJI J^ ■»! ^0 LtJS^ l!j^L>. 4jxjL1s *JuJL>. Lj^i-iw 

^jSLuiJ 1 J-JoJ I J •»■ J ' all I TUa-i-u 3j^ (J.a-4-iuJ IS CiT.^J (jr^ O-*0"^ ^ ^" J ^ ^ ' ^ *^ 

(jr Lc ^Jl'f a j j -^ 1 j ajj ^JA^^-^a 1 fl *^ j S aj (j-jJI JL_L>J1 Lj^L^ J ±J^ •( ^ 

4_u2,yvij ^jJIj l-uJaJIj - Endometrium . 4 jl^.ljdl ^jJl ^LLa_»j »l t aVlS 
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ksdf 




f ■ - 



* 






jiUJl il.15 > (^Iji) A^fijx 4j& 



6* vj^ (iAil) Wj* y*i 




(S JjIaU) 4«<iinVi> l£)6k 



L3bjj_^LaJ to^Ul k jLSL*pl» ^ (^J " "■"* ^yTcJw tj_)i <fc."itt 4JLaLS j j r ^j«J^I 

.4^3 ^Jb l?-^' yrj ni'itt 




l£>-$\ 
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QlbjjttJIgfrjrNjJIfc-jJLaJI 

_ ^v.'l 4±*L£ ~U...tl b^U- o^> j-23 ^Ul 4 ii. .11 Lj^UkJl t^jt 3 
■ S y'iv L^L>. ■ ~<*j * ' > - Lc-^ lt^J f^' Lj^LiJU _ *}Ll^ jlL>J1 7-Um 

«^>-j3 a! ■ "^ * y I ^^Ja 1 j"^" j ' ■■ ' ; \S*^3 ' ^ ' "^ 4 -*£> XdU Lr^- 3 u ^- i ^-^J 

p - u 5 u w fl' q J*v cuJI ^^ La^j J Jl g*s W$ -g is^'tW ^^ SjUJuiJl 1 g"i if j ^Jj 

4l*L£ 5 M^tl ^^j t \ ^ _, tl J^ ,^jj| >J>-jJU 4_pU^_LJl 4 A -*>J1 jjId ^1 
^ ' ■■ aJj V (jjJ-Ii JlL>JI jl ^Ljuq c— JJLll 4_tiie_S i ^j <a i *a se " 11 4-jJLc^ r~j ir> 1 II 

.<JJJO JUlj ljul 

4_iLkJi ^1 Jj_^>j_U Jj>1=lJI jlj m.U <jJ3 Transient jj $laJI ^i'i^ LM^ 

4-jO^Jj ^j o ' *a jc **' 11 4_Lol_£ ^* j tiaJ 11 4_aLj <t_ii_>Jl ^1 Jj-juajJl <jL-^3 t5j j -*wVl 
< J7 £L1 i ^^ *^ (j-^fJ (SjuJuc. ^_*j - "" l— >1 La "*■ ^ * 4_JjVI 4_Lxa^j j-j>J 1 4_iL>JI jjj^» 
(_3 4jj a_Laj <jfe>jj • i " ■ *■ " 1 1 tJaj I J^y^-l J * ' ^ ' a j-J>- j-1 1 (J^c-Jtll 4_jJL>J 1 Jlju 
£y* ~ j sc uaJI ^jl^JLlj l—lj-uLLLI tl^^Jl j^yJS Jij^-jJI ^1 j-^kajJ Jl-<-u^>J1 ^jLSLaj 
jl c_i^l^Jl plj^oJl 4_ix-l^I Us _j_A IjlA_j i 1 "■ ^Jl ^^ ol >.! ■ •'* ^\ Jt <1i Oj- 1 
LjjIjLi^ ^ 4_L,iL>Jl 4-j_j_Sj>J1 JjLIj (_£JuM (j^>J1 tlH^-Il V "■> ^ (j^JbjJl 



4_lC JL>J I 4-lL>J 1 1 o £ \ Juua-A L 'y LLaJ L-uJ 1 / *j 1"< 1 1 "^ 1 1 g , Cjj>. >^. a ( ~ < n" i i „ 



t; I a 3fc-j La_i j Ja * 1 1 j I y- j ■ " *< * I J I JLjo V ^^ a j S >J I jj^iJL 1 (j?-* 
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6ockaJI*JLaJI 

CjJLSJ jl-j£L!1 <_a L$_il _$Jj i^Lj^LLJ! L^L>. ^1 ^jLaJu 1 ^ 1 t y\ ol a «>■» 



4 1 i ^t j^j (^Js LS-laX 4 5 j " V a L-AJlj>u >L1jo JlL>J1 ^jSj i CryptS <-ajjL>o 
jJ7 3 * j ■" je a L4bJL_>u a 1 ki • 11 ^ ^ » ^-^J d. 1 j^ ^" 4_2UbJ-4 (j^J J * '"'-^ 

L^jI£j iaSLjUlHIj 4<jwIj^JLI Cr iUI k^jIAj: » jt Niches o1^£ ji SlSLAx 

•JLjJI JL^i-jJI L^Li- jljLAJ ^j_a */^ ^ j '»*; JLx^J L^jj jLdJJ JO'^-L-Jlj 
L-aSj iJju Jlj ^^-ii 1 ^ "*" t tyAj J 4 ^-L>- <— > 'J J Jj ** ^J '*•' c ;J^J ^" ,* ^ .'"' (jt-^ ' 

\^g ■ ■■ a > ^j_a 4-ojLLa-a ^* jfc - ■■ > ^JLsutJ 4_lCJL>JI 4_aJL>JI (jl3 -^ cAAOStJ a u^L>> 
?r j r fi f \\ jl ^ 1 ■■ a > j 1 >t 1 1! 4__uaj3^^- «Ljli». (^ *** 4 ■ ■■ a ■ Cj-SjJI ^JSj LaLsM 
- jirt til j? g j (ii ill *iL5j (jyl^- Ja^L>«j ^jf l^jlr j^C L^j1^3 . 4j-A J^^J l£J-II 
.4_jlj ;_ A) L^jL-Sj L7 Jx. J.i^L>*j ^1 (jj- 5 O-* 4 j aj!j^j>» L^Li. ^j^o ^JLcj Loj 

S'j-iZZ (jl J-j-3 L0L4J L^J ^" njll^ a (j^'ijr JL>- ^ "ijl^ ^yjj V^l ^^4 jj^pr' "*^ 
L^-?e-aLJj-J ^JS La jJLaj _ J^-Mj (^^,^11 eiiljj * <j^uyij^>J I U^L>Jl ^.1 Inr I (^ 
< j^a 5 j ftl ,U| jIjlcI ^j-a 4_^Lj->»j Laj ijLu-aVl 7-^L-t^al 4_jla-C _ 4 t 1 u ^j-a 
0j J tlh 4 4_iJLJI <^£.Il>J| 2LlL>JI {J^j-u L^j nj. a '"« V (_j-oljji* tf jufcj . LMiJl 

,L»}UJI 
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QlbjMJIS&jckaJIfcjIaJI 

^y3^ i^ in fcjl j| ^jj^uJjl ^^fl L^L>J1 L^J j-^ftJ J-^-lj^ *1j^Lj LjjIj La-^j *o^l 

Edith Kordon ^jjj-S ol_oI ^^" •< \ ^^A ^1 «Ji ^ j-jIjj j-jjlj ti^tj 

J-4JJ ' *j^ ' aJLjjJj idJL>.la 4_jj^>u f-B LdjLui (J^-9 *-* cP J """J '"'J O' ^3 ' t ** ' " ^J 

^ L&jlc £ LaLJ 1 s_Sjju < *j^j 1 2uc jl>J I 4-lL>J 1 
ajal^a 4_uLaJ Ifl'r a l^£,jijj *jL-J9 ij£JLJ (j-* 4~n r*j < 11*0 L^Li. ■"'"*■; II (3i>^ J^.1 

^3 CjLcI hi n t VI j^ii LJsail! J/ujIj ia! mj-5 iVl J^c < " ni a ^j ^^J' gs .>>'U 4_LoLS 

?r*ft Jfi ^yy I ill* 

j ijS^lIl ^LLaj ^jL^j 1 nil g j ujj-LI (j; j 1 ^ 11 < . mS^jJI ^1 ^jj "1 ->» LjJ I J-^-j 

Peter ^j-uSjjj ^4^ -^Ji ^ J^ 9 > - j ^ a gl >*»■ <^>jl ^j^Ii pjt . ..ti *j:..'H a . „x > 
t^L^ l$j? "1 V» j-U o^j— - 1 Ij^L^- Jl Iju£Li j)"iijj>* 4 1 oL^. ^ Dirks 

t-j-ij^-jjl 4j ^JljJI ^jL^j— uj JjT JL>-j i,i j«w - j^j JLu-j a 4_jual_>. ( _ y j3 r-L^Jl 

iLiLi ^JLJ Lj>L^ 4j ^1 ^jlintl ? j mill J$ L>LitiJ ** -■■ ^ ^rt jlnTI 

Lj^Li* CjjLS ^Lj^L^ (j\ I j m n (_y^J 4-L« 5 j j i ^ 4 ijf ^j j " ^ L±J I tj-uJ-3 ^JlIII 
L^Lp t_ 3j-i* V ^^JLjJLij i I Jul /ti 1 n n u V aj-S-c jj^^j r-j^iajjl <LaL^ (^JLi 

^j| « jk***' - "" if^ 4J_j1B L^-JtSJ ' & j ^t t-> j > '• 4_3c__t_ujl ? " *»" L_ $j\ I aJU>.^ t ^jJajti 
LiJajlj iLaLa-i L^J 4 gjl ^a cLjjLIaj^ljj Lj^1->- i*i>*)i 1 ^<ST t^ i'i* T>j| \"<n 
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kallfcjJidl 



wm *■ *» 

ju*3 j^*. ^LjuaU. ^LtuJI ^rlij 7tIL£ Sj^LkS. Metastasis ^>i-1 ^U^fj 

. rtj' i aJl j*-j > "111 
4 j IV ^j—lm £j£j (*-J 4— Oils J uuJi 4 J f JL->J1 4_xL>JI ^jl £LJ-£ (J4J I JUJ 

j jJl juLj ( ~ - 3fc i l^q ! a 3jL>JI £j£. CjjLvj <r«lir* 1 fl *'^ t 1 J -v 4^0— lL-m 4_ulju>. 
4_j_LkJl {jj$Ji V JL-3^ . 1 j V ' U j --; 4±j_i_£ U4LI V JJL^Jl 4 Ijft jJ ^"1 -v 

j! iajUb >L» L^ JflO Oncogenes 4_*_aj^JI cjLl^JI Jaj>J L-^. - q^SLj 

JL3 [4 * jl.nli 4_j-c1lj>JI 4 j 1 V J I t.j^Luo) 1 fl i ^ Lo^> jLS IjJ SUoli- 'f ->'j 
^^ 3jJL_iJI 4-a_^LV dlLUj ^ n A... \\ 4_t£.JL^>JI 4 ji^JI ^1 L*£ .j_i^V( 

aJLAjJI «_« LkJJLC ^jLi-o-aJ ^-C-j (jlc- - 4j^ Jj-iJI J-*-^- j'- 1 -* w ^ 4 n jl mil 
4_lL>. 7- ; '^~J LaLjJ ^yS Cj l^dlaJ I ^IjjJ Lj-BI^ Li^j w^V ^ ~ j *»tll ^^ 



f^Uljri ***** 4^» ^^jftJt 4.W 

L^JIj *4JlJLJI 4_j-C JU>JI 4_iL>JI (2rV^ ~ J JaJj I 4_L»L£ *j i-u-iJ 1 Lj^LV (j^j 
1 jj 3 r^^^p L» - ■■> »,* d A jl "■ J- 4 ;" (jr^' - 4_i-CJL>J! 4_JL>JI ( j_a Cjj3 JL£ 

^ya cj Ij nUl \ l_j 1 V "r 1 1 (jj-Lc ^ Llj i j Lj_5t3 j . j^s jJ I j-^a lt^- C - J ^j ^^ tin 



'^•S\ 
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^ILjjuJIg'^ik^r^-iJiJI 



4 jJL>JI U' <J?' 'J^J-^' U?JJ ^ 1 "' ^ 0-^3^ J * Lr^ 1 *~*i * "^ ^J — ^"^ 

JU Ju>J 4-i_tz3 Li* j"-<\~ A 1 I ^'. V _ 2ux. j >■ 4_jJL>- 1 j j Lc (jiiaj I jlj j . * La-J I 



' Q JLgJ V 4_jjj_j 4_j^^3j_>. 4_jJ_>- J^jae-a OuliT ^j ! JUu dLjjUb^_i_ij - 1 ^ < u <i t 



1 • 



^s.un uvLkii l_^3jJ ^ ^lui ^ ^b ^i gxaUi 4±*£ luii ui 

tjl jjjl cdJJ <jji>.LII i>cj .jMLaVI (^^ . i«y. ■»" ^J 4-*jLs 4-uLUj^u L}L^ 

a^IjJIJ e_bL^ O-lj J^>*J-> V 4_jI w «*j J 4 a j j ua 9 j 1 ^ L^LjJl oJufc j r 

^(jui Ijla <jl 1 a 1 1 11 >• *ij .^jLIoj.j-uJI j^ii (jy-IJ SuL^i)! (^ i^jJj cH^' olj nU!l 

^jlUj . ..tl ^j^a ("ixj Lgjl 4JJ* JUo->Jl^ i 1 '" fr -j A * '* 1 iaj ^^^jJ I 4 ^1^. ^j_lLjj-j 4jI_LI 

- .** - *** 

. A } J * A j 4_)JLt_4 



*Mjt uajl ^ui^jt cue ^ ^^ui sjUi 

l^jaLS tjL tiLljj Leukemia ajJI q^j -".' 4->l <^* 5 '■- r^c. ^ 3jt"U 



>Ua£. Lr SJ frLb CjjLcI Ct jJI i4_i£.Ju>Ji LaLj^L^ Lgj-Jj cj.i _> r I ^3 t 4_iJLl3j_i-u 

4J1 JUU. L^LiJl ^ ' -i j LLa I , I f^-l-ll f iia£.^ ^- 1 ujj 4-Lt_>u 4_jJsL^ 4_jjj^o ^jj-^j 
LaLu 4_4-jL_ti CLuL^ 3jlj_ljjJI i>Ju^J 4_j_cJu>Jl L^L>«JI jjl ^^yJj j j '"■ ■ £j\ i : i y j 
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fth^ckajrk^UUI 

Raj Choprai^j^ j-lj j^jiSjlII ^>£<u SuJLLaj^-Jl 5j ^r "ill 4£Lioil ^^ 

^j_4 >j "i i ii niiLa 4jjju4_> ^jLloj, i hill i^Luj ^j-j-yj-uij 1 (j t fli ^"i sc i I 1 4Jojj-3j 
JjLLaj— «-jj r*-*-^ O^-^ 1 ^- 1 -" Lr^J*"* LT^ '^i- £ • hjLj ?*^ ' L}A_>JI 4_c'jjj 4 j i n"i jj^Laj 
T^^LtJi lil^ 3 Cfl* A jLJ ? c ^ (*^ c^-*-^ *-iiUjV 5lloL>* - " 1 a j* * j!ll» j^cLUI jl^j>JI 

4j1>JI j] 1jj>^ JL^j .oLLa->JIj r^^U J^Lj frLc^ 4 1 - ^** lT-JsjJI ^j Jjjl> 
1 ^LL 3 j bJ- JI Lj^L^ JjS (ji^. SjjlUI LgjjJ^ v m^ll L^L^ Sjux* ^^a ^xcjl>JI 

(^ jjl j^a jM i4_JLc CjLx-jJtJ (JjLftj^ ^"^Lc 1 j; 1«-j oJLA J-illl 4 jUr ^jl JL_u 
4-1^J3j Lh>^ 0^ * L^(i L>JUI 4-l-c JlaJI L>t^JI JiJd ^i (JjJj uJs 
^-^LaJI (^J^l (j^ 4 j f Jl->J I ^-Alj^Li. J"i n a aLa) Ij) ol.n *i mj xJ ^*i -> ill 
i>j>. JL^jLj Ljj'jj 4-j-C Ju>JI 2uL>Jl JjJulIi 1^_aLo3 .(^cLt-iVlj ^gjl o j<TI 
4_^L2_a J^a 4_j>JL«Jtl 4^j_cJlj>JI 4 jl^H ^ <i .; m ^JlJI o Atase jljlw u <l i nj 

ifi^jJt^j U-ajl^L r^LtJI 0^ j-^' ^L*ja ,jL£ ^jLq^LJI r^j-I' j-^ 4-j£. jlj>JI 
4_Ss.t mil ol-^ Ij^fcj -j^jlJ-JI rM-jJI j^a r«"lM Ijl juu I o j a ^LLa^^l] 

?cJI m ^J9 L-ojIj ^j^ 4 «J ~ iiJJ-L£ 1 1 ^ J * " * (Ji LjJ jL->> (j] ~ 4 t j ilnTlj 

5 t v T HI 4SLUII j^o 5jl i ^Ji ^oLlII JJ^L^i Lj j^Jtx^ U;luVl <^j 

t jUiL '--j lLj! mLa 4jV_^j JjLBjLA 4-iuaL^j t. ilnH 4^1S ^y9 JLjJL%JJLij «4^qLuJ1 
^J3 LjjIjj 4JjLaja 4jlILj 4 jj^jg^a£ 4_^CJL>. L^L>. ^j-i>. ^jja ^j^ZL^LJI ^^4 > ^->» 
>LjI , v • i j }4_joLuj j- ^ ^ BjLo-i Ll^jI jL^JI 1 j * 5 >.j 4 7cJLLj ^jUoj-j-uj v— j! in a jLB 
La jj^dJI j i Jaj )*/A* 4 j i ii i j J t<i <nl JL^i ^^Uo^-ijJl ^^3^' f^*^*- o' 'J^-^J 
t^-II (jJa (*J>II (jyJJ J-^L^J 4-u j until 4_i£. JL>JI 4_lL>JI JjuatJ ij^al^ r«^JLj t— >Jl>- 
4_oLu I ^ 1& I j i4-^L-u 3jLa ^i jLdJI ^^ i-A^fS-v ^^Jl 4_*oL-*Jl j^C SjUI Jj^J 
^ f Ll JM^. ,ys f l Ja flJI ^1 ^j5 L-^a .4^ , ^Jl ^jLUj^JI L^UJ Ja^3 
* ^ La La j^^fl *Jj^>-jJ jJJjij (^jLLdj-4-uJI flj-if J^ ^ J>* -J-AJ ^JJI i7^-ll (jUaj-LA 
),h%2j ~<* VJ a! uJLaVl Sj^fi Ijuj J j "n! 2 L^L>. Oljj 4^-ul in-wj 4_imoL>- 
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j-a «<_iSLjj^aVl ^.ISL; •-; oj " . -j j <1>j>> <jl4L^ ^ Martin Tallman jUL^ 

£* .i-^CJL^JI UvUJi 1 flUb ^j-^ frJaJL ^ f LfcuJI ^ Sucljj jj? 

4.L13 SjljUs ^>j-u aJ-oj aJ -^ L-JJLiU ^jLq-iSLII £^-*-I' t>» 4_xJLc oLcj^w 
tjLL^-uJI f>>-jJ 2Lua^c ji^f <>A (^j^-JI tj^' jUqj i n i oLiL^aJU oIjlj-ljJJ 



^ J ' ^ A T J tlaJJ 1 4JL0LS Ij^L>. ^jJI I a^J^Jfc 1 J < i ^ I A 4-S-i-j-lli 4_j_>o jjj-j>«J I Lj^L>J1 
^j3 4_uLL^>^-,i ..ill 4_jiZ,Ju>JI 4_lL>JI ■ a v j"- ■ -■ * L7 SU iCaBj pj-^"l jjr^ t - J > 4 - i J j. 4 • U 

4j>.jj (jrUb- (jr J_>-J . ** Ah4.ll JLui->Jl vLt^Li-i^ d~* ...A d j.li- 1 ^Ja <j£.Ju>JI 4_JjtU 

1 >IaJ - C^cLLal-i-J LajAX. 4_j_CJL>JI 2uL>J| ^jV dJJj j r a ■ ■■ * 2jMUj , ..Tt 4_j_cJl>JI 
JjoJoJI ^jjIaaJI TOjLiJi j-^C- Ca£ ^U" ,..l _ t.,.^11 ^Jj A .-,.:!li ^j tri7\\\ ^"j* A ' 



^•^1 



>oj^l j^^J^ 



"ft irWlft iItII 



.ls>! 



l£-*' l£' O** ^ 4 "> gj lt^" ^ a->Jlj *L<Lj_>.^M 4_ua£ (^ (j^ijj <jl 



T ' ' " ' 



La 4 K mi I, I (J^fcJ tjJ i(oj^l^jJI) j j fl La II <Giij^o 4jjojjj^>JI Li^LiJI jl ^MUj. ,..tl 




x ._ ?\ 



_ ( O) — 



.^ -ill ^ 4^Ua^ 4^1* ^ 




i-JUa j— ^£- Ax *Uii 











S^ 



Jjj ^Jjll ^ 




» 
I 
1 
I 






. T f j-><^ i^3 bjS ^yJLOKJj J^--^ »>» * »jUbjjjJI jjLa (4-jJUbjj^Jl 



^•^1 



2^jl\ jj^> ^XX* 



j£j*i Tannishtha Reya Lj \ ,„_■ ,";,;" 3joj£jJI £>L£ U£ JSLUI I Juk ^^ 
L>UJI 4 jnn ^>^-S3 .4_jS^Vl 4_JLuJi LiJjjLS 4j^ cr^ 1 Duke iJaj 

r-^Lc 4 jlr *Li_> 4^>.jj aj iL^-J fltLaj_>m 4 o A mil b^L>Ji t j-A La^-j-C J^£. J-jj4jj 



*j_Jl jj ,,i nil jL£a 1 ji .n nil iM/Cn" : <±4j*_JI ^lm\ jL£j iljuJjjfc CjLjl^Lk ^ 

1 j * 4-> Sell S (Jj-ljj j^-j£jl1I IjJfl Jjfe ^jj )j^>-Vl j| ga • J 1 (j-« 4 i r> 1 1 4£Lj£Lojj 

Jj^* jJiL -Lis ISjl^l Jjjjj jJol^ ^1^3 ^*-* 4^1 j»t *4jjL*3 *Lh*! ct^ 
4JLjjJL> <j^ a All A- a i ^ 'X t , c I n " *w*V I aJLc 4_jj^J d ^tl U a 4jjJJj pj i>>jJU ^1 

^Ja ( jjJdL>JIj (^yjJaULI L^-fJ9 j> a.*^ tT'iA-AJl (^3 3j -u a 4JLjJb 4J Jj-«-" j^lSjJI^ 

S^pLs x^jj U4-4 i4_jjLjJj>JI 4-jje— ^u-i ^f 1 c/VJ ij J '" L^V ' . 'J ' "vU - ' ( ^ <J * lJ 

■ k -^ " tlLJJ Julj Aj i4JSLi-ij 4 im\ LjLJLj LgJJbu ^3 ^j) ■>! C.J 1 j I— a 4JLlL_JI 
4_iS-mJ 1 )) C< j a < " (j Ubj-4-uJ 1 . A J & * * j*_i-b^3 4_j^kaJS i>j-d l—us j i u LLdj-j-u ?t j i^"I 

LL^^i I jla ^aj-^s ^^iJ Embryonal rest «4_i_Li_L>J1 A^l^l^VI jt 5^:^11 

LL2-JI J^io-LJl lj-C 4_i£.Jl>J1 4_iLiJI <5jjla Juuj (*>^'j .(JAi>.LJI {j* I j j ;^ 

jSiyi ^ L^l (jjl ij M.r j-^LUI 4^-flJ! ^ o>L>-UI L^-JJ jLil ^i 4jm'i-kJI 

4_lL>JI ^jl «_iJo^! Jj_mjJ . (jUbj-tiill Lj^Lv ^Ut" »_I\_jJ 1 9t j mil] 4om> L^L^ 



^•^1 



>oj^l j^^^J^- 



aJI 



L>>U> j_4 4, ;,; ^! <_uijl^J1 L}UJi ^dp-i: U1a^ o^j—JL* <^^U L«J 

^ylc Jlo ^,.,-wl Teratocarcinomas jUs^u <jT U£ ( Wilm's >Jj3 ^LU^^ 
J^SLJLI a^-.^ K . iulIaj-JI 4-uc Ju>J1 L}UJI Ullu: ^1 2LLISJI SjjLiJI 
^1 ^1 ^jj 4 "ill (jj-c >a . ,,.1;* <1jj ^ cjjljvIj3 1 jl 3jo-oJi L^jjJ (jhJI - Ijljw 

^ *V «NP 

USJ JL^J *JL=ljJ>JI Jj-ijj LlLui>it l_LA ^j-^J * 4Jl1LjJ1 4 ua naifc-lll u5^_>Jl ^jo fj-J 

L j£ 4 ts\ i rt V ~ 1 1 L^M-^hJI <jl *— 3j^-*_aj • d i ga i <a *- " 1 ' ^ j ...Ml b^L>» (_yJJ j>jl *» "* 
Jj-a ^alseJb *u ^j_a j i ^^ "*■ a LgJ j-« j j j -^ A j> o c Cj 1 ^ Lgj I t—3 j )-*-& * 1- 4 ^^ ' " ' 

Retinoid llL^-IjjJI u >l«.^ ^i j-j-bjij Differentiation therapy y±\ <i "IL 
c,^ t >f/\ jlS «Lj» tLul^ <jla 'j^-aj .(VY> ) jj i nil! 3-jU-i11 Ijla £jju*j acid 

4 j 1-^11 ^jle. »1 <r* rill (Jj/ls ^j^. tjLUj-i-Ji ^j-a L^aLftJ (jnlVill ^,£11 4-Sj^iaJI 

> ^jltoj-i JL L^^^Lcj 4_i£,Ju>JI 4ali»Jl ^jriT-j La 




^•^1 



>oj^l J^^^J^- 



18 



% 6 



* 






•& 






LoLc ^ V* frl LAI W->bj ^ A " '^ " ^-^ <ri"wt c-uL5» if 

_ 'j^; A \ S >.j se j ■"■ '■■ ■ - j^*'" *_>»jl J-L3 IjJ 

^JJ . LJ^l i ■ >•! I fl -Ac O <l 4 «**> <^-I' '""" J I ^' 

* 1 t • * I I t • I ~ * i $ 

(J-Olj^ « I (J^O (jl— J *-*" «-U' (J' ^^ * » j *r 

UJ ^ jjl\ 4^j V , ,-, I I : JjVI .<i ^ V , * , ! l | ^ t>5jJ ^^ 3i ^ 



£ 



3«L 












^$1 



>oj*l J^^J^ 



aJI 






1 l^jlj JLfl^aj JlL>JI L5^- (Jj-jo Lj5^>- Jt 3cj ^JJl j-a^l Jjfcj < Ll^u I CjIjJLI 
J£ 4^ ^ij (^U! J* C^l£ (jUI i^jJLiJI 5^kjLUI ^jnjrt^JI I4L1AU ^ 

ft* *• » 

J5 **Xj Lr^- 4_jU>JIJ3 icdJ J j j mj flJ (jr ^ I JLj_±j < 1 <fr Ju V <-_9j_ljjJ . cLLa^a mi 
\\ ^^y*j aj j II diLtU-C T 1 j " ' a iJJlJI ^ 2L>-jjt_i-i!lJl 4-Lla fjUj i *_ TO 



lJljSLjJI -x-i-uajj 1 ^yj-LilaJ I LflJj 1 «a ^jx *^>.lj_lj! ^JS 4-ljk^Jj) j 1 <i <iill cJuUojJI 

j-j-C. J^-p * I 1 rt r j I j 4 t- in Wl ( ij^IjJ (J^j 4 (J^ l£-* (J-* (J^l ^ * i J ^ £* 
£jja ' uaAJ Aj^LuaX. > ^^*"« ^.IStl'a t^j nit j «_« l^inyi 4 <i > 1 <i '( <a J-^3 4-2L-tiLlLa 
La ^ ^^" (j? JLaj 4jj) mi ^ j^l 7r j 1 s\ ' 4j^>4jJl <LiX.jVI IjL^j < L^jj^ j L^jjjj-a 
4_j_cjVI ^yS ^jj-AjJl a£\jJuj (4-CjLLaIlj 4_jj^>JLl (^Ix, I <j J j 1 "1 jlj^a (j^a L^J 

. ^ ' j ^13 T 1 '^'J (J^ I * * • • * ' " ?"^ 1 * I '^ c I /* J ** > Lt^ ' ■iSutej . 4 t 1 1^ 
CjL_j_-4 Julj O^-l ijj Cj_i_5t_*I»j f"'" ^ t * u]M-^>»j' Cu^alj Ln_3 jlL^j uij f-^-tJbjJL 1^ 

JjjjL^ tjLlLjJ' *^J^ ^' 4 L^-lJ 3 (**J • I di'" 1 «.'.' '"^ L)' ^^L-3 CjLal in rt'lVI 

jru^^ *VAi ^LJI E. Blackburn gjj i^^-j ti^lj^JJj Greider .C jJLilj^- 

jl t _ ;r £^>JbJI f I t^att ^ r 4_i_uJ 1_J_J_S^J J-4-^>U Cjl J • J t-oJl OuUgJ (jl 1 i? mi*i Si 

^>a ^f _ «Lo» ^ j-jL-^j j^>j -(^ a J^"'H j^jl) Telomeres jj^oj-L-UI 
^ i tu tlr^ jl^ a j^j" ^Ll ^c J j j i ii 1 1 j ^^ <t a y^ _ 4 jM>j^"' j ill jx.I^-5jI 

(<ujJil jjfcj iTelomerase y^j j a^Lp ^? t ^. uaJI ^ 4 j fljiaJI 3 jUr>U 

cLL ^3 4 n^^ij (Ji>^ U^- ^ ' " ^*'*^l (_ y i- c - 4_lL>JI 3j, V n a ^Liaj ( <jr lc JoJSLstJ 



^$1 



>oj^l j^^^J^- 



639a±uJI xjo\jo\ gUfg&^cksUI ILlUJI 



(YYi ,YYT) - . . j. M . 




^tjifitl 4-1 Ip (f& >*jJUUl 



^aTftlnmPTft^ a^UirijI^flj t^rt r i U-ti j^.^ JL-SL* £-Lb,fc» ( U ) J*^ 1 



. ^ ^innn ^jlo 



jj? Howard Cooke t_d^ ->jt>* . ;..y.<n^Ai *LjJ| ^ ^j ^jryabu Lajhj 

4 A~h\\ (Jju^j LaJuuj )4 jl-Vlt 1 ^ j,3 ^ ( 11 a m 5^-a J£ (^ (j-^sLxu j^aj)lj"ll J>t« 

j>j-j*.j-« 4l^j iCjjJLV jlL^ <jl^ 4 jl^H j r JLLs ^1 aj * r JLLd jlJLs tJLLs 



.^ci^a 



Ua^ ( k£,l — " j^Jj ( 4^cLl^j jT HjJI ^1 ...sMj ^LkJI ^Polymerase 

4jIju {jj* Ijuj (j! f-j-LwJa .4_iL>JI a! <n aJl 4jU r L^jJa ajj 3j^a <J£ ^ya IjlxIj 

jl J^Tjj V (^^3 **l JL>JI Jobj ^>J ^ 3_i^>>jl! JUJl>JI 4-a.Lxij (jrttjfl Iflfl; — 

- |JU3 aLoi^jVI ^j^»* a Ijj iLJjlII 4_i_2j JLua^T lULjjJI 2Lxjj 4jLq^J diJL>-j L#j! 

■ ^ S a ^j^-SXl (^jLJJlII c-jLjSJI 4j1jj (j-« - 1 fljl) Lij-jll (jyjJi i-Bj^-pJI i>JUk JUlj 



^•^1 



>oj^l J^^J^ 



l6*daJI 

<?Ju4> ^j-fl (j^aJLu <jl _ i**^ ■* 1 I *S _ 4_A_>JI L^-j-JS ^n mi it m 5j— «o JS ^3 <S. * ^25 
i-\\ A ...S«VI «_a 1 ^ t j u j t ^ "X j ^" ^ *Ju».lj <— 3j->- fj *J^ ) 4j»*J^ anJI 4juaJiIi 
j_4jlpj| ^ ^rtl Vi ^pJI t_3jj^>JI JJLC M gUII JJL>- Oj3j .Sjj^lllj SjuJuJl 

il^jlr .Ut.^tl 3>&J 4 T m> L»L^1 jJ^Vl ^ JlL>JI LMi. MUia ilpjlr 

jji ^^3 « i j mil <jjSLj I JUfcj 1 1 4 j 1 ■* J^o aJlj j»-iJM *-^_i ^ JJLi ^,-lil 3jjjVl 

*Lu .-»! L ^ L-^jJij £>1 £jJl^*-? (jnr^.11 ^^oUUI 4-U^-a ^ <L»U <fd*lJj 
Jn C jn'n ii j ^_yjJI ^3-A 4^cJL>Jl 4 "r rn*>l ^j-4 4Uk I JUL L_a *,J»*_*J1 ^j-C j-4^L_jJ1 

1 ^"^^ UiL>. ^Jil Jjua5tliJJ (^J (2 JUMaJu S«_)Lu^j 4niQ^ {j^ J'^"**" '" CxJS 

dJll^ja i4jl_iJJ 4 aaSj 4-ii-4^ tf jub J j* i^lJIj lJi^jjJI 4 jLi c j . ijiLAj S ( Jja-jJI 

4JLw jjfc 4^>.j"rj Mitl ^3 a^-a jj-i 4j ^£jJI ^^£11 i>Ij J^ ill » 4_il>JI 4j>.j V j mi 
SjLcl ^yl^ 4_lL>JI SjJLA Sjl n /» ^^Jg ^JJJ U^J? < Z i t\ (jPJI 2Lj_jli£^jJI j Ajlj-Jt 
i|J^->"i 4-djj-Laj (j-SJj l UJL>^*l (J?l>^' I JlA ^<ULJ »^ji <i"ll ^i^-J i j ... ^ i j^jlsnj 
LiiaJi I J* ^* (1>^ '.J ^^" LT^l * a O""^ A j '^ a jt ^ o til Jj^ 'JL)"^ k ^ a 

Ij] i^J£Li_JU i^^Cj-.U jl S t jj U 1 1 o I j-j-A^lpJ I tilij 5juL^ VaJ& *<jO^' '"'^ '*^ 

j? L-j^LdJ-uiVI ^ ji-4 C J^i->- 4jI u-flj^_iJll < j-<u3 . g-Jj-^J I j j j VC 1 1 4 t- in'iVl 



l£>-$\ 



2^jl\ jj^> ^XX* 



_ 4_SUaJI oj_jj ^ otr '" C ^*J jj-^*-^ Jj-*-^ Metabolism ^^Vl 
fL> ^JJ Jj ^ " j L^Lq Uj^x <jt («Aj ct^-J F fee radicals Sj^JI Jj-UJI 

Ljjdl ^yJSj Sl^iJI a LJJ» ^ I aij uu ■ ■■_* j— i^Vt rj ?J1 (jf VJ t(>-Pe »-u-£5j 



(3j n mi 1 1 r'llJ] yr iC> <_^l CjUoj>JI J-jjL*Iu £pa I i^ <n 111] 4J1 ' " - jj Jl£j .4jI^II 
tliljj J j La j "« i4 7- in'iVl <y9 ' kilJl p>3j f*JLX. ^J lLUJ L^JJJ JlJLfl *3>->Jl 

.( TT ^ TT0 ) UiL-t L»£ j^it olio. Ubj! <^J 

(_p3j-£ 4_j>. j^t_j_ilij I (j&j-A (j\ ^_yic: (jJLJ La 3-^3 *(j* uJil ^JS 4 -^j -*■ j ■ ■■*! 

a* 

oj-fl tiiJJL^ j^aVl *lj Loj . u >>i ill LfcJLaiju ^1 4Jai < ,. ML) <j-oJj JlIjljo 

to 

j j < "f j-«i >*1 <>»-^ Jjl^j uj* J j « < »" jt >>»-T D^*- J*-« ljj* Jl^"-»1 j' 

_ LgJUj i4_x>.^L«JI ^^lail ^j-a JjJLaJI ^j-a ^jj^V) 2LLel_ji ^^^n^ i ^JA j-l^lll l^ 1 -" 

VI ojl*. V villi c,.:*:^ .lijji+Aii "^^ (> ^^^> c^ c^i ^ V 

^-3j^> *U 4S»j,Vj Mill i^y^jX r'^LftJl j-Aj i4-j-jo<fa-ftJ1 4^CJL>Jl 4^L>J1 ptjJjL 
t dJ^>. Cy Ll jU^3- J^J t,^^^ 4 i f.'l -^1 1 4-aL^' O^ ti^ >o j) '"'J^ jW <J<*J-*+ 
Ij-A La» - (^JjLjj CjLo ^^LksJj-JI ^>.jjj|j tU J^JflJ LoS _ 4^^^ j Mill (j J Ia-lB 
3jLi£.J jjk J^JtJa <«4nl" V o 4j„\ mi-w tf^,g -wV -L>-lj Ca4j ^^jS (J^qIj-Ia « rt!" Vj 

c^jj^aJLi (j-AJ • LjjjJ5j J m->JI ^ **■ ■ ■■«' * j i 3j» ^^yB 4JULjJI 4 j c j 3hJ1 4-jii»Ji 



^•^1 



^°j^' jj^^^^° 



^ i * '« La ^^^j^ju (jyi-C 4_«JLjJI 4_j_cJLj>JI L^LiJl lIJJj Ll*^jI J a i*i L*£ 

U^j^uJ ^j - Mia ^Lr^JuJ! (jSy _ U ji^i^t SLiJLII 4^ jl^JI L}UJ! 

5 M^H <jf Y * • ^ L*II <jr^L-JI ij^ju j^j ur>^ C*L>. SLxLill {^1 
^ 4_tL>. ^f Jl^a 1 j*"' a t^j^xVl (^Jt j t <"j *j mm 4 i ILJ1 3 j r ,'v *»JI 
^paj-a 4_lALg 4J3jJuaj 4-<-uljjJ 4uX. ju>* ^jl^ J lia^l <jf 4JLuL>Jlj . ' } JUao»J! 

4-j>-L>. (_yJ3 f - -' -^ 1 1 a ^LjJLjj («-ojLj-oI jI aL| ^1 (Jjt-taj JL3 jj 1^^ \jtj a f 
4_jL>JI (J_»_3tJ Lc_a i^^j-^a 4_La TtHJj tillj ^^^ <J-^ C^'j *»—£jl du ^1 SjUJ lL 

tCj^LcL^j L^j ' L >J &•* y ', " ■ a I _> La 4_j_£. Jl_>J I L^L>JI c-ij tia-j ' " <^ >. j ^^ lLJI ^jLi 
4_lL>J1 3jJ Bj 4_AjLb (jj) 1*1 LfcjjJu ^jr^j iSjLuaJi 4j^L>JI CjI fl-L>J>l L^JLvlj 



aLc J^ ifiu 4_i£. JL^Jl 4_j1>J! ^ ^.j gfc j 1^1 j 1 j-j-^ op 3 t4_jJLc Lj_iil La.^ 

'j ua «*t 4j>-jjtj-iij ^yij (^Jjj i^y-oLi- J^ mi) >jJJ 4*t mi it. I 4_i£.JU>J( 4_iL>Jlj 



^•^1 



^j^\ jj^^XX* 



4 jn fr? jA^Vl jlj .4 jr J ^,H 4 jl^sll ^yS 4^j) Vj Mill Lj-oj^j I j<i< 'j^Lj 
4j I *>• "( ml (jLd IjU i 4 "l l jk i ] jjj! j^jfc ajij ^ jS (jl L4JJ *4-&J <~i a J j j i " A 



Ja_43 ^pJI ^LiVl ^f <jp* «(*jU aiAUl 4^cJL^JI L>UJ! ^j *}li^ 

(j^mI iStreSS 4Jo^-oJU ■ la a * ' *a 1 1 j O I^j j 4 1 1 1 j ■ bj «J j-A - 1 fljl j JmJ 1 A 1 a ^ * 
4_at_pj A J mij JUJL90 4^3-Lc 4_j£.JL>Jl L^L>JI 3jJL3 jjjft JjliUJI ^1 ^^Jj 

4JjiJLI 4-j^LiJI oL^£LLi (j^» juj 4 « MU 1 >a jjLJI jI ^_^^U 

4 j cj 7JI L>L^J1 x\ r Ji 1 < i Hematopoietic demand ^jH 

Ot VJ .4 j r j aJI 4_xIiJI CjIj ..fl4 ^ufc! t v H o Jl_*j j^jJI j^^iiJI j-^>OJI 

L^j jJiLIj Lo-^ 4 "i j t, 1 j Sj j U ->J I (^IdIj-^VI CjLjJT (j-im-jj jjLoj V L^jV 
Loj „V in ">Ji JL4J ^J-dJ - I j " H r«^J cr^ - *-^>^ cr^J 'l£>^^ L^LjJl 

.( Tn ) 4,1,^ Uj tJ^JLJ 4a3l^ Lj>U ^ 4JI £ll*J 



•uULaJlj «_ualjJl J^xljJLj uLlHI Cj*L>. tjj)"< *wLjJi ^J-J L-« O'&r cr^ 



^ L^iV villi )^j Jij V r oiJ ilAlL! 4_j^jl^JI L>UJI jl IjjlSLcI jlI^ 

lLLIj tAjJt Ij^L>> (jr^J *J Q-*JI Sjjt ir»j (J^w VI Sj j ■ ^^ Lj^L>J JLx>-jJi jJuloJLI 



^•^1 



>oj^l J^^^J^- 



ft irVill^Lilail 

LuJ i^Lj^Vt jjLaj! 4jV^j w ">^ • -j- ■ 4j^Lt-i Hartmut Geiger jy j-w 

£y* 4j *" n"*» LI ' A ^ j ** ^ r " " < j-^» CxJijJb JuB 4 jf t ->it) 4_lL>JI (jl ^ Irn Lo 

^ ■ SjVI oLjUx jj-c 2^LUI < a-LUf ^1 Replicative impairment _> 
4^cjlj>JI L>L>JI J!Lja _ >L<-ttJflJV( SjujlulI i_^c .1^ L>>L>. ^ 2j o" mil 
gib . 4^cJu>Jt o^Ll^aJI L^j .^jdl 4-^ju>Jt L>UJ^ lf jdJ 41AUI 

i Jj-B ^jjo P>^^ L-4^j .^^Jl ^l£L!t j!f 4_>.j V j i*i *_a 4JajjjJtl 4^>»j) -r j Milt 

4-iUuc I^l-ijJu ^ ^jlU at^.iU 4_iXJL^JI 4_iiiJl tj^Li^J orti^LJl op* 

LiJLiA (jl IjJ-jkj n— tjLyuoJi CjLJI^jj*. ^1^- lLUJ i,£>>- cJ^-^-J * ^-^ ii* jJtJ-jJ I 
(_yi9 T * a^j ^ * i mil <JbLdJ ^ JJI 4jL-oJI ^yh Y aJ9j u t i in ^^Ic La_£^a 
^J3 4^.jVjMiIt 4jl«»f (*k*J a-Bjil ljufc t4Jua S^jmntt ftjjjt ^yi^J i^jLuu jt 

l-^h^ tj ,.,<jt >Ui. pt u n« Jl gU -i 1 n < a : ^\ r » L^L^JI 

j*^^jji j^Vi . (Tr '> f jLii<i^ixi 4-l^j^>ji 4^jt ^ v .. ,\ t g^ij^yt 

aJlU 4_i_iii_lXI 4^CJU>JI 4_lL>JI ^ >.j J* j — i "ftljj^ ^jji^JjJi t^iiall ^jIj *4^f l^Tt 
1 oS Ja ^* a 4 ^ >.jl »> J^aij-X. (j-*^Jj * UjLsm 4, j \~*~\ J J^'J-^ J-A t^ 4 ttl 4JbjJb 
jjj^3 4,j>-j V j miILj (J\j1 inll ijU IjLA a^joXj i j <a f J ^-^J .j^t iti ^_ r cju 
l^JJl J^^>* tSjJi^Lj AjJI ^jLLaj, 1 ii 1 QjjLt-OJ f&-g-M LjS t4 in flir Lo A^jjJ 4^LiJLl 

<^UjJt 4t1.„VI pjt\ jlO ^t 1 4^cLdl B L}U- (jjl ^UUI i>t .-■>■■..< 
4j_L>. > I a j ; j ; ~w a ^ j_2*. 4_J^. ^a J^Ja 4 1^3 1 j 4._lc Ju>J 1 4^1^^ I 4-jx^j 



i^C-^l 



>oj^l J^^^J^- 



^j| J ^ J-a ^JLULij SFetal stem cell jJaLJI u*-^ t>° 

«* >.j Sfc-j t!uJ I r-^L-ftJ I aLl ir *i 1 nl ^^ U () a 'jj^ * . ' * L 1 4_j_cJLj>JI 
m ^ l^" . ,." ")j ~j L) 4 UliJ-ll 4 i£J >Jl «* j L»JI <jj Jjj-JLi <jl « j U" . .. «j 



* • 



4 JL^j-cLa^Hlj JjkjJL^ JlL>JI ^3 4K ■*■ a c^^-*^ L>^ ^ $ jtnt'i i4-jJlL>^ 

LM^JI (>■ o*L* <pjl a ;: iati L}UJl 4jUt'i j>*-JI o-^ 1 vlUJIj 

liJJjj . 1 j ~ ae a j * 3_iLc) JUlj * 4 mrt'i jjajjJU J m-v Ij^L^ ^jq ajj dJUli 
jkj SjU^ 4JL_tttj (Jj-i <^a (j^aJ^JLI (J-j» ^\ ~t a 4jJ_Lw 4 j 1^. j -^LJ (jl_J 
^^3 1 — gli*JLJj 4_j_LiJ! t ^o SljjJI j-_^l_j aj i*Jl <jjJ u^J ^-^ 5jl-^Ij 
4_ M uaj^_jJ1 #JUfc pj3~* f^ * 4M J * <1h° .' ' " A 4_c^_iL_4 4 ■ <a j j j <_oj^-_>»j 

(^ cr^'j Blastocyst 4_^ojjVl u ..j<> cLUj ,>ir ^g ...*i U U\ (U 

•W *• m» 

r,j}-» ,,,lb ^Ij^ I m,V1 J i nl ^1 t 4^tl L>L^ jl-^u yiJ 

i4 j i j i^tl 4 ±c JU>J1 Lj^i ^Nrll 7-^jt3 1 j j a ^yillj i ^ lIj-A * a 4jjI^ o " ml 
^yS ^jJaJ^JL! ^Jl jLftj t4_i^a ■>-> j: -" ^ 4j JlLk L)^>L>- ^Jl 4,»^>L>. CjlaJI t 4 i j 

■ 4 * ^* . v» ^. " a CcjLS 4JuL> 3jl>.Ij ^ xL>- ^p i* j ^"' J " ' '^sLaj ^ % j o j! juc I 

. 4_>* JJ36-J-MJ I 



^•^1 



2^jl\ jj^> ^XX* 



kail 



m • 



^jjoj 4 ji^L>Jl 4-j-CJu>J1 L^LiJl jj_* J lixBl ^yA _ Jo >JI 4jL$j ^J «-jjL«-u1 
LaLj^J o1Jj-<m» iMho"i Jqa5 i-..»jt L^il cdJj a^j^-^Atl £>Lc, ^ya 4jfcJLJi 

UjL: LjjIjj Ue-aU^j «jM"«j Lj!M^ Li-bol L^V ^SU * Antigenicity 2u£.mi 
uh-L>JI (>o 4_l^ju>J! L>UJI of L*^ *liJLJI 3lul^>JI LOLkJI ^ ^1 

JL3J (Lo JL^ ^1 ApOptOtlC ^aj-JLI Cjj^U LojL5-« LtejaLj^j «-Lll~L4J j-isLJi 

4t;^tl L>UJi Ue >^j <_pJ! Homing Sj^JI ^ 4^£jJI 4 ur»L>. <jt ojj 
ay^\ j^i r jlU 4.LAU! 4_l^ jl^JI L>UJI <> 3*Li£ <>^ Oj^ f ^ 

4^cjl^>JI b>UJI <y» L^c j^LJl u^i^iJ 4^cju>Jt Li>UJI <ya Ij^h 
<JLw ^ »lrt t\\ L^litlJ In mi J^Ll L^ij 4jI^J! ^ u ^y La >*j *4-iJLJI 

(JjSLj ^LtiJl IjUb t<Li4 jJu fjl (^JJI tUjIlj cLiiJl ^J ti-LJli ^>i Cr^^ ^ d c J ^J 
4_5e_ mjjI JuJ-.-vj 4^-Lq i ' a 3 * - ■■ >JI Ij^L>- Qji 4 Jl>- Jb ^^ L%_«^-i_Aj ^ ^IXi a 

JiLi*i) 5 , jj^I J I 4^lj 4 ,Ur c 1 a.;.:^tl 4-ui^JI L>UJL> .^«» 

_• * ll^pr £ «B •14B*> > B] 4h4B * ^P 

j^aVl j^j iL^LjJl O^a JjJll ^ Ju)^« (jjj udJi y-1 "i -»j j i>i til e-il j ill ^^ 
JSLAj 4 if.'l ^ill 4 jl^ll ^J J>li (j? g J^ 1 "' ■"*» Ly 56 ^ 3 1-jJ «4j'i J^>- (j3 jL-^f 

^3 LJjJl (Jj-lo ^3 u^^Lij JltJL%J L^-lj 1 qj f^i\ 4j>.^_aaj^iJ I ^j^ c-t-i 4_t<oL>Jl 



^•^1 



>oj^l j^^^J^- 



'&J>$*±ud\ { ji>\jti\ gllcgfrjr kaJI*4aiall 



6-*^' 



_ <±*jjl>J! 4jIjli ^ya oLsj-c L«_£ _ jjfcj .Telomerase jlj j a^LUI >a (_dJ^ 

aj-2u « fc i j "v t4 jWi 1 4_jjIjjJI 3jLU cJi-C Lui <aj tLul ^J$ ^^LJ*. jSL*Itj J-4-^f 
■' a c I < hu i I 4-u.^r i j^* ^jl>ij /^-Ji 4^lLiJLsmJ r*v.j* l/" 9 i ^jj i" T I d i"-" 4_lLmlj 
{j£. <jL^-| 1 Jj* (jJa ut^ jl-^j - IjliI Jij V JLc ^j j --■ ^ 4J aj^^M I JL4 

w *' flJ \ o "m t ajJj_>JI J-LitJ 1 jl_i : j-fcj J-ua—flJI Jjl ^^fl Tj-^ 3 l£J-JI Jlj— <-*JI 

I Jufc ^-3j 1 l3j)T r 1 ■Vjmi tfjJLuia^a (j\^ jJ (j^^- LjLi frjjyJBJ Lgj LJjJI ^IjJLij 
jJ 4JV lLUJj 4 l_iLjJV| jjli VI 1 flj *j V JUlj ^j-aj <J^3 jj^a ZU&rwj JLc ,jla-La 

^jLS 4_)l ^-A^Q ' La j - ■■ j uu ^..11^ iAL_ajfl /_!] 3aXaj>. 4 Jj '''' .' 7*i)^ aJl-oj La 
<— AJl^j udJju _4^-3 Lj_jIj J-tiJ o' ^°' • JW^^' 0- 4 (Jf^ - ijLCi ^^^S 1 <,>^j ^*'J '" 
J^aL£ LJJ ^i (J^»L^ ^j^V hi (jr £ a b n " a 2LLoL^ 4JLljjJI Jij jl J J ir>^3 ^1 
JU-*t>Jl Ij^ii- O' L^' <0-V mi-w. ^^3 4 jl^ J£^ ^^Ja L^Lq-stJJ 4X4^0 4Xal^ 4JL_iijj 

•* «* •» 

: 4 inn) Ci jJ I ^jj& ijrCiJ Li-wj J-a-^o 

J^Lx 4JLuuj _ 

1 J m-flj 4_LjlaJ1 4_jJ3j^>J! CjLjljLj-111 ^-^J tjLuaJlJI JL^^J 4 ■■■ fl4 LJjJI ^^ 

cAji/ jj jl tlj^iik. LJjjl IjL^ *4l^cj u*->»-M i J^j jt *"j jjlkilJs i 4_>. jJtj_jJ I 

AJjjyi (jryh- J-o C (jja J j IVi ijl VI 1 h \c I 4 39 j «— C Jj-Ls LJJjl ul J rt '^ 

fjA tj (_ 7 ^l ^ J * J »< ^ I 4-^jJojlII 4_LjflJ ^j£L <Zj-2c aj ^ 1 ■■ OJ i".Ajtl u£j 'i£J±J J A J^"^ 



^•^1 



^°J^' JJ^^^^° 



cjIm -w oSL^ij <^JJI Genetic imprinting ^ij^JI *-ajJI Sj>-<-© ^ A^La 

fUJJVl I JL-A isLJJ (j^ 5 j ,„; r tl L^UiJIj <jUoj— i-J1 LjM— i. j*J 4j1 mi "ill 




^•^i 



^OJ*! JJ^Ju^ 



19 



s* 



t£aft ^k$ * tf\j\\ «*iaA\ 



jl3 *5 uLLj^I Leeds }jlJ 4j»_»L^ *L*lt 

aT^ *V ^ia j i tj Lj^L^>- 4-Cljj ^j_4 lj iS i" 

£>SLI .Oocytes oL^j—JI ^LijI — ^~ . uj £ 
<^J! L^>L^U ^Ij^l ^Uj-JI ^ 

I 4 >■ aLj >j I I a (4 La mJJI 4 ll mJI ; ■ -, i- . | 



>> U' 



iReprogrammed A ~ r a j: -* «" o— ^L)>N e*^' c^ ^ 



J>~ o 



\ J ^T ■■•' ^l^jfJJ fj 1 1 i Li '■■ ^t^kjj ~- *_dJjXf 



^•^1 



>oj*l J^^J^ 



jjJxi jjJa-jLjJLl JjUfe < " < ■*■ 1 j JjuJLJLjj *c— j\ j Mill j 1 i uoJ 1 4_L>.j_4 ^Ji Jj ,t-> 
^ "ill 4-La-ifuJjl 4 j ua-uJ.1 I j^L>J1 &,\ A> j»V nn a 1 4 ^j CJ . cli I i gaJ j^J I 

LM-J^ ^ AUtOlOgUS) 1 J -" flj 5j J Mill J 4 0*1 >. J_A U'i rjj 

L^j£Uj Allogeneic <j>-».i 5 * j -■■ ^j^ ■ a ^ o^L* ^1 (i j'^ 5 ^ . ^ 



(*) 49»R*Jf i-**fcJI UaJU >mUI (g^s s*f 

Johnson Bagley^ ±1 Qj "■*'>->■ j j " c ' 1 ' j ■ "' Y* • i f.L*JI ^ 

^ j a-LiJI «j mi" J >» 4 \y a ^Js 4 j i st j ^Jj Ojl-SjUb ^y^ w ""*" jJi 4_2ujJ9j 
CjLjjJLjJ! ^j>>j! « a q\ i - . i "." 4jjl cfJLlA <jj I fl j ><a JjfJSb iCu <^aJI 4_ju1j 

^ Ovarian follicles .->M ,^_.^ ^j| ju j r -, 1 a,jiuti LM-J-J! ^U.-* 

^4 IxJI Jg tn . n^U 4 JtAJL-a g-jl 1 't ojuk fcZ*jL£j / ^ 4_*JL_J1 j^iuVl 
^rlsLjft ij LjJl^w JutJ ^iaj-JLI ^ 4-j^Jl^. Lj>L^ ->>^>a t( j^Li!l f I>CJ 
O-lLj JJLC L^JJ jJjJ ^"u J i (j I 4_L)J_k> 3 J 3 C JLLa (cJ-ftJ ■ J n >J lJ3 - j ^ • ^ 

aL>*j-a cLlji ^Ja Ci_)^£o J3 _ 4,»>ijj^ 4-j 1 4 'M "x l)^^ - *^j I * ^ j^^-1 1 (3^° 

^ 4 i n'l *Uj $ Mill SjjjJt LA J IC t-O^JJJ 4 M< 4 jJ-ljj ^yiS dJJjj I ^ fl-^1 "'*«| 

yj mill 75_La-4-u ^3 4 _i 4 jj j^j>. 4 j CJ-"w 4_jjJv Jlj>.jj ^jl LjoI . L-j_J^_d3 

^iU" ..." ^Ovarian surface epithelium (OSE) ^j <t ^11 ^jL^tJl 

JUJLjjJt j_A 1 ,'i 4 4 4 I i^jj^Jl Ju.V xi 3jLc^? 4-^ajMJI '"'1 '^JJ Jl rL^l 

.(^ J1AJI) Li^ 

.Embryonic germ stem cell (*) 



l£-$l\ 



2^jl\ jj^> ^XX* 



Granulosa Lj>u^ ^ll*^ ajjf oM^_> 



4_3e_loLj ^-J-C- 4 l.a £Jj->> ■"'» '^JJ)"^* 



4_ijjLj 4_Lua_ia_>- 




(LiajtJ <* , lgL J 



* 



4_3fe_iJslJ li '^ l jl 



(j^flJJj-^Jl ^jL^JaJi 7T Ut i njl 



j-^ ' ■ 1 i JoLjj 






< M" 3JL*. ^ Spare (^jol r<~J jlj t^ 5u,iL>JI 1 <p n n ^ ^ j^-Ij jLLJ ^^-uu 

'"'»■-•"' l^jjOA> 4_>-Llal>3 (j! aJJ) * JU>-lj i, , "' jLldJ L^J^-" Q "* * fl** .' J * "^ 

Jj^laJI ^ 4\Ut\\ ^ lJ>j_^J1 ljul OJLlJb JlS U oIjUdI 2l_*jj( JJ^J 
* LaH i "J f«J f ^ i <a 1 1 q\ LlO&j ) JJlILj ^JlAJI t-LuU ^i^ ULjj*! CjLc.Llu jLku_> 2 Ij 
(jj irt c , m uu tiJJjj i JukIj jLjX. jLL>] £ya j^*Sx 3jl j mil J-i^lJ 4j>»i in a j^jJbjj 



^•^1 



>oj*l j^^J^ 



"fc-icAaJltthAlaJI 

'i L>^' L$^ >* J^ t>° L^-flj' U-£ 4JJ1 (jV aAl'j 1 . . -r j jl_£ Laj t Llijs 

^jlSLaj ^jS L^-iiJ 4jwL>JI JUC ^n jli^ll L^jI^Lo ^J _ Sj^Kj^a yg-j usa ^1 _ iUii'^ 
- oj\ j mJi jL^J - 4_jJJ>«Ji (Jl3^-J ^ in tU <(jr^ju» <jl J j 5 * a . LaLu J J JC-AJ CjlJLj 
cJiBjp Qj-* l)- 4 (*-*J ' , ^ uA 0' ^**J*^ '^ **" '""* L^jiS, 4j ^y3 CxjbSj JL£ 4-juauSlJj! 

4_Ai*JI ^ J>^>il L^W 1 ^J^ 1 L^l ^><^ US -U^H ^ l> V^-J'j 
j^jj ■*- • " ■ g * ^3^3 Cy* »Aj^» O'-^ *-^J '"" '^^J.' J Cj^LuajjJHJl uiL>. * . .' 

4_»j -J^jj ^j^j JL1 ^jj Jj-SJs (j^J .jfiji flit 4_j£.j_>J1 L^L>JI j-Aj tL^L>JI ^jj 

4—J-11JU4J' I— iJajl lJlII gfcj 4JISJj tJ^-ftJIj jJLaJJLi cJJl Vj ^^ ft ^jjujJj j41j a ^n 

Bukovsky A^< ... '^j-Sa-i u^»>^1 J^» uryi^LJI ^j^o j^l Lljj^fl jSA 

ft* 

4jiaE-jJI f* j" \;J u! ^^J Ij^UB ijjL-4 (b? j9 r* ^ . .. ^1! IjJL>.j a^jLS ^"i^ jtl 
lf<JLtJLl 4 *r irvlj j^-J 4 ua ale. ( j-ojjil ^^ 4_jjajj^j>Ji 2Li£. j jJI 2uL>J| ^jx. 
•' t -^ C lt^ U-ulj i ^ jic Ijlin -* 4_pJI A^uLlJ Ij-^aJUfc (ji tj*l J.j a-L^ IjJ 
, JLj>JI i ^} kJl Jj^J-J J^^ * J J '■ ^ Cell 4_xL>Jl 4laK_ja ^A Ij_«-udjj 



l£>-$\ 



2^jl\ jj^> ^XX* 



joajJI gUcg'&jc kaJI"k±laJI 

^j£o aJ 4-juajj_Ji jU ~j xi La-* .j>ua * 11 ^^ ' <j-a i " ■ fl **■ >■ 1 J-3 - £j\ tlrijj—u\ 
^^jLjJLI qj& *\ U»U (jr ^j ^1 Cj^L>> i ^ <^1 '(j-k 1 4 ^ >l kill (jy^-J Laj I in a 
4_^jjj-j>J( 4-lL>JI (."oj3. dr^- t -^-UJiJI ^LgJ Jb-Lait-4j 5^j mno 4.3 jl m<ii I fruuJu 
*(J!jL>Jl >Jlll jlfJ (_^ [4 in fl-b Ciiil aJ iiJLJI (jrij 1 nU (Jjl flkll 7r U 1 nil J^jO 
^ya (3j-»U (J - * 1 ^ *-iJJ^ <"ilt *^ JlBj *<j^j j II £>£, lj j*i^ JUljj *^Ij_a ^yJJ CjjJbL<-uJ 
3-Lta^j >JI OJ^JJ g^uaJLflj JL-djJI <j£ 4_i_3 <S*r i*t (^^SLJ ^jSJ 1 I JLjI j*jJI JJ-*J 
<y3 jibllS ^1 b}L>Jl ^j-a Lbjjit <jl£L«jJ1 <y9 p. i.in't <jf tU_>ljt U$jl£ *4_lJj^1 
^3 j — u * j a Jh*J ?** ^ I 4_tL>J! L4JL1JJ *3Llj>J1 > im Jju-ii ?-j^-5eJJ LtojjJ (JiJ-u 

<jf c-oj-uJI ^a I JL*>j 4 1^j cjj^L-ulJa Niche icjlJa 5Km<q aUqjiJI ^^ ^ jl>o 

.jjLjuai.1 jjfc ^j a j j 1 1 Jj t LAji V ir> a (_>^J ^ rtitl ^j! ^yi^ J^J-^ J-^' >^ iaUouuI 

JL>»J LgS t( jia_uJll L^jJLua^a 4_lj4jjjj^ 4_tdL>. 4-lL>- ijJLLA (j] ^-Aj t V * * t aLuII 
5 uaj^JI r-LiJj 2uLi£, AjikZu (JjJfl |»j-5j < t '^"w t^^jjllj aLlulJI ^2j (ju 4^^Lc 
^j^a 3jLaIu-uVI I ' "^ <a j I Juj . ^ S^jia-uil {ja l^j a TjJtJ ^J^ J^ (_y^ cr 1 ^' (I>* 

4_4-j-L-u 4 ua jq ' /_J I ^oLj>. '^'"j /_j9 L^Jj-j?tJ aj '^j-^j j-^JJ ^jL^kaJI TcJo-iuJl 
(X-uaJLll 4L0LS CjLiajjJ ^"Liij (jy^ ^j-Xjl itl jJjii-B 7rM^ I i t\ j J-B I j-ij j4tt i>>Lj 



^$1 



>oj^l J^^^J^- 



all 



Kitai Kim^yiuSj Kevin Eggan ^^1 uyh^ j^-* ->j^jLa 4_*_«Lx ^j 
^i^jf ^j-<u-v L^Lxlj (^>>o ^pJI iEmbryoid bodies 4_i^Vl * g :: •*-■■ ^\ ...^**H 

2 : ..r.y b>U. ^Jl _ 4jjVl 2 : ...; r ti L>UJ( ^ Li^i o*U* ^1 _ 4-aJL^JI 

{jj* ^J 4j>1a *- J LJ'>f J> " Lr^" N '^^ (Jx-ilbj j y ^ 1 1 ^^3 Ld-Jj^ L>^^ ^i^- 5 
cH'JJ^' l£J~' * * ^ jPT'Jh- 4 ' <^->^>> 4-jJbjjjJl 4j Caj uaifc- Laqjj>- 4J1 „,U> jJjjJ! (jj-i 

1 ^ 



Follicular aspirate <gky |aJt feUJI £ilil^ ^ 7iirf*mH imiti\ 

Immature SLa^LiJ! ^^ 4 n>> nil ^L-aj^>JLi Lu^. jj^SLj ^Imj^gJI Jai-JJI 
i a jll ^pJlj *5jr j-w L>L^ ^J L^1j>^ 0^1 ''H"'^ tpJ' ovarian follicles 

q}±1\j LpJ,l oj^J A^jublill >j£. 5 j' u j; M 4L-aj^>Jl <ya Granulosa iikLa 

La ^y9 f- In t" i M ^lll *4 j, l < n~w. 4 j a J^j^ I— J^L>» j * VI 4 ^ ^*»- ^l 3 ^— A u^L>J 



t j-i-u (_yJ9 jl p^JLJl (Jj^ La SjJifl (_yi 3, V n» jj^o La-AJL^-I 4timiI OJL>>7 lT* '^J.' a O^ 



L^Jl Jl^ ^^Jlj t^^a-^ll gjrn'i ^ya 4_iJLJl 4j£. Jj>JI ^njjU 4-Ax -1>>->J *-^J^ 1>^J 
4_aJL ^ lC ju>» L^L>. ,-jfc , L iCjl )jJU1 SjJujJU 4_iJL 4_l^.Jlk L^L> .US a c ^ 

a ^j i a ^ L>Lx jJ*\ &* tjry-^LJI (ji^j U-« ^Totipotent Cj\jJ nil <LaL^ 



^•^1 



^>j^\ jj^^XX* 



pAjdl gUcg'ftackaJl't^JLJiJI 



u^^JI 



^a3 _ Q-uA\ ^3 i j * Laj * 4J mj LgJua <L>oLjI 4 uaj^jJl * *• '>*' 4_ac_Lj_i jl Lg '^j ; *i l 

4-l^ujj ^j^o ^31 4_>V iLjj'jj LgJ jJjLLua JAL& /^-"^ * lu -■•" J J ' ^ **- J-A (Jjal 'JT i J'" f 

4-j^L-aJU S^jJgjJi CJ>l£LHIj (j^LUI Jail] I 4 K mi a ^a L-fl^iJl ^ JL£. j-A ^UJI 
<jf tl)^-4J CjIjJLaJI 4LoL£ 4jX.Jj>Ji j^j;* 1 L}L^ <j? ^<...^<j; JL^-J Lk£ ,*il]jj 

,( Yn ) 4-uiAJ (^ajjil <ys Degenerative diseases 4_J}LwVI ^Ij^Vl jyJLO 



4-x£.Ju>Ji L}L>Jl Jj>>tJ (j^ rnfl-fc»L>o (4jjU^I (J^bjjoX, 4juoL*j <jL-ujVI 4jIjJ 

.Lu LM^ ^1 Adult bone marrow stem cell fthtll ^^i ^ 4JJLJI 
Ju>Jl 4-iLkJI 4j •" <Tm La IjU" m.I fjy» cdJjj t Male germ cells aj^j 

La ji 4jJLuuskJI 4_jJLiaJI J^jv 1 j_>J I 1 *jj ■ uSj ^-Aj * L$J <?JujJ& SjJLB <j^a 4JlILl1I 
4 jl^tlj 4_jL*lJlJl L>UiJI Jja M_£ (jl p£j (jic-j .4jjJlUI 4_j_i^LJtj *-flj-ij 

(j^j jjo 4JLILJI 4-jjc Ju>JI Lj>L>JI (Jj>^>»j 0^°! Cy* J^f ^ ^P 3 l |Vd J JL)-^' 

^£ ^j1j_u Lc_Sj JoB jj^a L&jjC La_S t^^.1 4jjuJl>* 4jLJ«2> m£| u^L>- ^JJ aU£iaJi 

.' J j uaiJ I 4j2j 



Itialt sUc of« i-t^j^l 2-»i»*Jt bUiJb «A«mi UM* fttM^I 

^yjj-L^JI l£j^£J! Lee D. R m^j ^ jj-j-^jJI ^>i*j 4 j ts* -^U j-j-oJ ^ 
Male germ stem cell-like cells 4JLILJI a±a£j^]\ 4-ocjl»JI L!>UJI 4 i n.l 

^LLa-cj (_yi^ 4jjJL-B aJ c ^Lju fj^jj—A 4 j -^ >■ 4 Je m'tl ^jja (GSC-LC) 

(-LJ— c '-; ■-; g^jj (jiJ! i Non-obstructive azoospermia aj^-L* cjUIj j ^ 

^3j u^L>Jl j>Jub ru>l lLUJ JLjlj .4 j" j uaa^ ^3 1 xoi>. IjljLi^ul ^jmJj ^JLl-v 
(jyjilj i4j^SJ 4 j J J1 '^ L^L>- ^^J! Jj' I***** ^p 1 j ^ j >■ aj iSj^" 4-i^ L>» 4jjI jx. 4_joj 



^•^1 



>oj^l J^^^J^- 



mm * ** 

Precursor cells (ftifill ()U| Mi?' UVtil 

4jL>JI <j^a - Jjjua^JI ^ j jljj.1 ^ ^j-ijliaj^j cUi^. (jiLflJ Y * • aLlII ^yS 
yrV4j3%J» 4 i^jj^Jlj ^j «t, j. >J1 ^IC Jjj in ">nII ^jjft ^ j n "i i ii <a I i *^ cj La J-&J . 4_l£U_£J 

jjSu J3 t^J-ll t^^jiU J^ mi i c-jLmMJ 4-fijiUI 4jlinLzUI LM^JI ijn^ii ji ^3^ 

. 1 j » j ' . ~*\ ^jjj (Jj^ 30 4 U j "* 1 1 4-j-jjJ! (J& 4_«Lui -ilj-A jl 4J3L3 jl^o Ai-^J '.'.' I ". 1 
CjIji-iu>J1j CjULxIJI CjI, Ijja J-La a J^' J^, CjujUJ (jl (jrG>.LJl (j^ju JL>.j JUa£ 

(^fi ^j uS 1 *J ^jJI J-« VI t^jli i»J aU J\ tat Lo^jLJ^J d jl^ ** ^Jt n V" , A «J-4J dli Jjj 

rj^ ' V «i 4 J "* >J1 J -j uaJ ^lio>-i^i (— . i jl v* S C (— fl di ' 4 Aj *^j A JLjJla-4 (JfLtli 

4 jl *sTl jj^a 4 inj^-Jlj ^j f> j -Ol (jr i£. Jj m >JI (JjS ^ "1 -wLxll jjSLcj J_jlj_fl jjjsj 

jLi^t Harry Moore jy* ^jLa i^m.UTI Jji U^tj.'^ll Ja 2jini>ll 4a£.Jj>JI 

J^lj^o i^ljj t£iJ!i JMjv jjja (JSL4J <Gf i3lT>"ill 4<lolLi di-^i 4-uaU.> >il5iJt 
t*i»l>t (^ eijj^lj 4 4jLu,LuJI Lj^UtU w y;Utt ^jj^UI L^j fh JA\ 4J^1 (>l 

.2uLai 4^LHJI L>UJIj l^jliw JliJI 



L^L_>Ji ^^i^ Jj-«-a-^>Jl ( j^a IjiSLoj 1 Jaj? pj ; ^^ i4jJ m >JI Ij^L_>JI * j ^ ^ 

Ijj^ ^ Oct-4 ^uJJI J4U l^aV-Mut oiJj t (Tii) Germ cells 4aL^UUi 



^•^1 
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[QAJdl gUgg'kjttAaJIfeALaJI 

jf c-Ual^l <Gl Hans Scholer jJNftm jjLa j£1<4 j<jj^aVl L^LiLuiJu LlsU 



Endometrium (ftfrjJl Ulferi £* MttJt Uftlt 

Endometrium^ q t nj Lo ji ^jJI 4jLLajj *3^j!£ 4j>1>- oUL^iJl j^jj <±^>» 

4_±CJ_>. L^L>. ^j.4^3 LgJj *4 a ■■■ all 1 L^L^Jt SJljJ-jIi 4JLLaJU L#j1 1 fljlr Jj-aJi 
CjLjL^jjMj jUaj^-u r>Lc ^^-a «_jLlUI *J & > j oj 1 liajf . L^jjJ p^ «H 

4_lL>. £^a 4jjIjj 3jLoj L^JjJ UJLmj aj ^(^'JJ^' ' Jn A ^ (j-« JP t^'j-t ^j-^ 4-iiaJ^J 
4_)JlLv 4jlV. ^MJLc ^jSjJj i^iiiil ^j-4 4jw^Lc t _ T >.^_i (^JJI < jiaj^«uJ l^>^' 4j>1 mi"w 

4ajlj^j<j 4jj! Jlc. jljj, ( j£U _ tjcx>J V - 3jujl>JI <oL>JI ^ Ju* ^j^j («u i4jiJIj 
^1 t LxLil>JI 4-LCJu>Ji 4_iL>JI JuxLj tlfjut jbqjj jJ-oj Blastocyst 4^j^l 
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fcocAairkdaJI 



j^L ^1 j>*jj ^>t.^"j 4 Reprogramming^at^jjJI SjLcL <-Sjju U £->±>Z 

r$*y ^jjl j-aj\ .4 j ij*'7«M 4_xx. JL_>JI 4_lL>JL <_9^_ju La jl j^i 4 ^ i j r-w. 
/-3 ' d ' fl ?* J J (^ w- * J > J •""* Cj«pL>> 4_l1jjl>. 4_l£,Ju>> 4j1>- jiL Case ill jj-^-'y 

j-a— 3 ' w fl J '"■ V 4_j_a^L_>.|j 4 jnj Cj J jl < n"} j j Ti li^-ui J^JaJI £Ju& jl JLjj 

UI}U j>4 ^l .a^.Ull a^LJI ^L. ^2*1 1 £>UJ l-sUUVI ! jia jl j^iyi 

(Ji-lj Lfll 1—iLua^. VI ^J-*J AJ ijJjN-jJI j^H j 4 J 'VJ Sl^JLl jjft 4-lJsUJJ (J-^- (J"" 1 *** * 

jhJL>JI Lii£ ^j tj I'f-Wll ^ja ^1 jl h >.V1 4j^-aj! (j-fl ^-^ J^ c^ jf c**^' 

MP 

jl J^Jai. oL j^aVl jl jjlU <ya 4-JLj^VI SjKll <yaAnna Smajdor jjjU^ 

j-a j-uJjJLI j£L*j m£JlII j-j«Vl k j o j ^» (jyJaju jl ■ j ^>" i uj Stjil I j_£j i<LiJLJI 

La j^j ) Luljj ^4] j_^liLli>a JLoLl ^J j^SLj jl Lesbian »l,r.itlj Gay JL>-jJl 

^ ^ fcjl r^L, ^jS 4_j-eJL>JI 4-j1>JI ^1 t 4.' ...1 ^^juv jx. ^j j Lai*. CjVjL-uj ^lt? 
jl LjLA4 J^SLj Ja^ Sl^aLl Vi ...Li LfijJj L2>L^I (J^Vl ^ jnflj ijSLUI I Jl^j 
JSJajUJI JayC jJ-^'i CjL^^LxVL Lj^j^ JL^ J5SL1 jl JUu JLiLl ^^ J<^^*< 

jl JUU p-AjJjJ IjJjLJ ^SJ jj; jj'i mil 4_lLfc.jJj JJJlU j^oVI I JLA dlj^u jJtia I JJ 

. a^J Iflt* ^| ^jjJLaLk LJjL>. tj^\ 4 jq l< tl 4-^jJjlII I „li> I j) rt (j rt"n 

jj£j JLfl JJJI tjl^jjJI foJLc (y3 < rtl" Vj j^aVl jl (jjl jJiUI C^iii jl LU JbVj 
. &Lj*jSL!Ij 5*j^Utlj Ij^wjtjj.tl j-u|j^ (J^>- CjIbIJIJVI tf JLA J^ jja Jj Jfl JuaLljJ.1 
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Ij-j-±£ Uj^- ^1^9 >*c (^ J-SJa L-o-L-a ^ 

jj-oUl a- 1 1 <aj Vj ij-oL • 1 ■ <aj I jULj 3*5^ ! J A »— iJu>. 

J^-3 I JU t t yq<">-J U ubjUj rt <J*->- '. * 4_) J |fl 4-i^3>X ' " 

cr^ jH^tij V Ulu <ULu? JL^jJI ^^ yjs j^tw ((!ScU 0iJ 



l£>-$\ 



>oj2l jj^Ju^ 



' 'j Ad <jI jS JUa. i I _Lv 4 4j J^ 4 IS mi <a ^j^T^-Il j t '"» JLaB 4 K in a (jl «J3ijJlj 
(j^J9 -j * iSJI jjl JL-a-3 r-^C. JjL^- 4_*jJ_aJI j "^ * ^ 4_jJlL>JI (jlalj^aVI 

^ Ah^. a <,*.«jLj 7'^LftJI jj-I^j tfr^^p-il* ^J-S> J j tl a^-lIij . j t Mill Jo j a i u T'yLc ^s 

,— A Lg-& i 4_ja_iJflj>. * 1 uflVI i >» ' i o /«±>. ^c_jl_jud1 JlJEJ aj)jJlJ£ - ^ '" j fl III LfcjjJ 

V J '"JJU 0-* j-«-iiJI cjLuJ ^jI£LaJ L_jj r I a-LLaJI ^j-A a j j ^j **-^l *—^Jh «=- L^j^T 1 

^a VI l,.Ut"i ma 4JjLaj f»-C.j (j« JLa3 ip ft in La cLa-Ll^JI ^j^a 4^jfS ^j, i.i-ru /«Jj 
4-3jlj 5^,^ ^bjjJI 4^L>J| ^Ij^-mll r.n" ui^ jj t 4jL^L^VI Jl^ ^J 
<jL*_u3 1 ^**i -n*i plj *r ir>ll ,j\ tJjJJ V j) g S (jr Jj>-\-i^ jj J « oj !5*La (jj- 5 tl)-* 

L^ J»JI »l»j .^tjJI L>L^ <> Jojn^llj (.^UyJI (^ jjSUI (^Ul 

KtLi-ilJI 4-LjJ^Ji •■ ^ jjIsI^-aVI {jj* JLJjUftJl TT^LaJ (J^irt'l trill ^3 LojIj *(_j"?"J in 

L^jI m^ijJIj t 4-j-CJU>Jl 4_ji>Jl jJb ^j -^ kll j r*j **■ uall (jlaJj ^JJl ^UUd 
IjUJLPO ^ q i nj La jt *4_iJLJI 4jr Jv^iTl 4_lL>JI 1 ^ << I j <Lj^2j ^Jj^l 4 nift.-kJl 

^Ij iHair follicle stem cells ^ : ^ - t r ti 5j « £JI juux. j! m'j-^" ^ j^ 

3jjl5_a (j^£j Ijljj / rtv ^ Pluripotent cjIjjlaJI Sj-aIj L^LkJI 4SLL«j» oij-c 
,4.n«^ViU L>UJI (>. jljjuJI ^Li^l ^ j«,1,» 4JJLJI 4^l^JI 2uiiJI 

4-j.c JujJI L^LkJl l^J jjo n ^pJI 4JjjdJI 4nin ^jj SjUJLw 4n i^> cJalx^l oi 

■ t^S « ^jjaoJ i l^fcn tiU jj . 1 Jj'^ ajJIjjj Jj 4^JLiJL>Ji 4 j^ i >Ji 4_ii_>JI ^jli^x. 
JUC a j C 1 f A 4 IS "■ A -ij^>-J ^ J-C ^Jl kLa-aB ^j-u-lIj i *j j-L: Jj-t-aL>Jl 4 ^j j ■ ■■ ^Jl 
^TlL>JI Jj-3 ^jJJ 4_j>.L>JI aj t 1 _ A^Il J-^J - I irijT (J^Jj tl g al J t "i i nl 
«_4Jajj ^y^LJ j . ^j'j'^t 1 4-lC JL>J I *UJ>J I «-« Jj3 J^a I <U'q Li^ Lfe^g (Jji^i^II 
(Y- JCAtlj.U. ... .tl JC .^.11 JJufc^jyt^jO'^T-^Hj-^' LLoUjIS^JI 



l£>-$\ 



2^jl\ jj^> ^XX* 



6>j.*la)l <jaIja\JI9 gkaM gllcg &jcSaJI '^lIaJI 



OjS. 



Ail 



JlL>JI ~U... 



a >. ♦ ,".1I 4Jujloj 




4 ilAJt 3jlc 



4_lxLcJ 2\.U^ 



Bulge £L£uV( 5nU; 

5j-l->.*iul wjI^>- 



4_»jlL>J1 ^ JjJl 

dermal papilla 



4_i-iiJi Bulge area ^l^juVi a sVi*, * jry^ &>*-£: \ y-^H £**>» ( T> ) J^^Jt 

II LM>JU 



Hair follicle stem cells I jftiil talljftl ^f ifcfcJf M*U 

tit^LJI ^A ijlS <jji 4_j£, Jlj>JI 3jt nil! vl>^ 4j_L>. cX^J ^A/^- U- 4 Jj* O^ 

L^LoLujI* 4 t aL^-j w * ^ Jt 4-Sj^j George Cotsarelis j .JjjI — "j< rj>^ 
lj1j^>. ^ Bulge area 4 y n'UI 5 ^U;tl ^ jl-^3 Lj^>- l^j t 4-><,t>^Vl 

u^iJ*- (j-A J j J all .4-i-C j >JI 5> * ilJI u_»l^_>. 4_±Lv i ^ » "*• » i£j_>u < _ y iJl *3j t Mill 

. (nA) i^cj^JI oruMJLI 4^-j ^L^fcJI 4-uiJu>J1 kAU\£ t 4-^cJu>JI jJL>JI 

'*J* ' M^J^ ^jJ^^J SjUlJ £>£, 4Jjj i nil ^j-A *j« mJI t-_lljJ3fcJ 4_j£> Jk->JI 4_il>Jlj 

j t"i tniU ^d p ..> STij J*" ^-Aj l^jJ*. VI 4-xfc J jj I u^L^JI £pa LAj jiS 1 1 1 i*> 

^JLLuJl «.jj>JI ^j>->i^"j (j^->* Sjju*lJI ujI^j>J 4_^._i_>Jl 4_lL>JI Jjo-aj^. ^^- JSULj 
Dermal papilla4j_dL>J! 4_*jL>JI cj\ ..UjS...Hj oj^JJ IjIjuLLlJ ^Ih*^' i>* 

4 nlrktU ^o ujj'JTiI £^dJj3 — 5^t i»TI 4j, 1 t"il 4jI^jS J-*ju (jyjJI - SjjuJJu 4!nj^ll 
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^J' 1 JJ^^S^ 



4jJlL>J1 4 a \ ~kJ I jj a3 «j i4_j_c Ju>Jl Lj^L>JLi 5gjl aUj v-j1j_>JI ^j^a 5 ^ A " : 1 1 
4-jX. Ju>JI 5j t ni 11 „V o r _jl c_jlj^ Lj^L>. Jajo CjIjLJuL£ <Jx-»j 4-_ljLlao£ j!j_a 

(^itAjiLt t-M^jJI 1 $ y alJ^j ^ jji'j iL^l^oj <— u^j Hair follicle stem cells 

4-_ iL>JI ^j^a JjJLl ' -aUoJ Laj^jus 4_>-jLi-o SjLiLJ Luaj? ■ t. ij ^ <u, 1 al\ 5j t <1ill 
^Jj _ ( J^ ^a LUlc \ <& - 1 A jt C 4_±£.Ju>Ji b^L>Jl r* - -■ S ~j flj aJull 4-ulJ->J1 

jru 4 jU.i.jJI 4lvjil ^3 ^Progenitor cells 4j t ,.;^ L}Lk ^Lillj _ 1 4 . ■■ n\ 

frlij . 4^ < m-L»JI u^L>J' #JJb jj «a ■ «a steliJ |OJ 1 4 ua ua ^»" 1 l 4_jiiJlj 4oCJu>JI 4jL>JI 

Ij^Li. t^*j t5j ■ 1% II ^jj^SLjj *LiJ 4 oil! b^LiJI g- j •*■ (^J - 4-£jl mi ^ l$p>^1 

. ^CL>.LjJI Jjupo Ljij_i_ij ' I ij'j.' 4_^^LuII 4jt_Ljia 4j9jjl*j jJjsnJI 4^1>.j 4_jlCJu>JI 
^j^a I ^ '• jj 4-*£LuiJ1 3^>_*_ilJ1 c_)lj^>. u^A_>- *Lp»! SjLcj ^j-tf Qj ^ "j - I- 4 *- 4 J^ 
(Jj^jJI (-_iIj-j>JI Jjj^o ^jjq I. i>ijt p $ i^o'i 1 irj iJUJUw (j^a 3l_j_>JI ^1 LbJL^j^a 

^1 ,,«n ,.>! Ken Washenik oLl L m.Ij ^ jj"< <jJI JjL^>. 4Laj d>Iajj 

U^-U^ C>"U 5j>B ^^3 L^IajJ L^Ia jOSt^iJ 4JjL3e-a ^3 S^jujJI ljIj^. u^i>> 
3jj4 4-^ali 4 j i uLLq CjLlaSLj (jjiljJI 5j^5 ^yJS 4_aCJL>Jl b5^->vll QA3** O^^J 
*\ tlir>ll £yi f^jj u^ (jJLxA (jl ^jjo (^J^^ Lr^" *^J^T"' '"^ ' .' '"^ J^ 'U^J-^ J' 

ljLX>. ' . ' T~ "" "J f*-^ (J ^* * .' I ' (lA^ ijl^i (J^J^I * - ' J '" \-a£ J t M.JI (*^J-"j3j (**M j tl 

q^ ua ua sclJUI ^jLa aLc JSLiijj ,dlJj ^ ^-; i-JI ^1 o Ull ^jJj ^j *r^L- *U 

tjl U^ *^MjtJI (j3 j < Mill mLk?^ ^->^>JI 4-lL>JI j>UV'inil ^a ljL3. J^ljLiLa 

ft U!it ^ o>b-Un L^LLib ^J 4iii i^iJI L^LiJJ ^a^^JI Jiilj 4£.LUI 4 K .*;. a 

j^-Ls J^C (±jJ6-JI JL^ ( Jja j^jSJI /fl^jlf J^3j j-«l >^J <£^-*-ll (_y^ L^atjLse-Iu-ol 
£jjH "'**'J (*d^* > 4-Mi-Ai (Jl^jJI ( _ ;r B 4J1 L^O i^yX-LUI J^LiiUI i.ii>" q-A p j'M' 
e-jfj^J 4-jX. JLj>JI U^LJnJI ^J3 UJ ^ m^lSu JLd^ tclUj ^^JJ '.'.' •' c^ UJU ^ 

.4K c yiLai > ^ji jjlAji 



^•^i 



>oj^l J^^^J^- 



ije, 4^Ju>Jl 3jjluUI ^jIj^. L>LkJ 2LJUJI Sjjl^JI ^1 <lJLl Lr^if U£j 
cjLVjJL jinj jL^i <yB _ Anticancer «j ,,i'r<ri'i?» 4Sj-i ^ urtl^LJI <jLJ3 

4jLj-o j! 4_jj3 IjjJUM JLB IjjL£ <c_)jL>o jL-AJ ^JLoll ' ■ <-* c 7-^Lusl jjja IjJSLgj 
OjL£j ijt M.tll l_i!jj>- QJ& a .^1^-' . ..t I 4_lCJu>JI L^LifcJu *j La >. aj t J 1 c ^jx. 
JjLsfcj tjVlj . 4_jsJJ3 (jyi^- 4jjIj Sj-jq ^miI.1 jLill pi fcaj - ul (j^*- ^ mi<K1 a 4j*-jIuJI 
(jj* Sjt nil! t-^lj^ (jjn 4_j_c.J_>JI L^L>Jl ^j-5-^ 4-^j^aVl 4^j ni 1 1 ^yS jjiLvLJI 
t J<1 t" <_oa£ 'ji^-ji aJlSJI L-jLua-Cl ^yS cilu* j"; L-iLt-a-4 c_»jL>o jL-fl ^3 ^j' . »tVI 

Degenerative ;LJ}L*jVI ^Ij^oVl r>Lc <ya 4_U_Lj>JU L^jjljs IjJaj t Jj 
c-JaJL (-3>jlj t_j_LaJI ^ya juj -v. pjJa LlijJ ojSLj I juj .4-j-j ^ *Ttj diseases 
4-^^ii.Vlj JjVl Ldj^Jll oj^Lj^u j^jJI (Regenerative medicine ^jujoeUI 



Mi* 4* >JI *Mri iri*l» 4*fii* IdM 

cxj^v ^ .ijSLj^aVl jAKj.i, ijuoUj Elaine Fuchs Jui^Ja j^Lj iib-LJI c^j 

(J\ 1I1J 1 J '■' flJ JjJLxj (jt^- L^J-^ £*f>- (Jh° 4_jX.JL>JI 4_jL>J! ^j^IjJ*. (j^ii-) lilt!*] 

•jjulJl LjIjnj 3j_l!LljJI u>L>. Lu3jun»> iLjjj u>L>JI fljjl («J^ju8 f-1 l^r'-lj 1 j *Ct > <> a 



t tu§ «uit sue ^ fc*u u^ui a^ # Mji a^iftji (giM^i 

4 JtMl ^bj jli-aJI j-Mc ^ys ^jlU aLLSiill 4-i.cJ^I 4-JiJI c^a nitl^J Lbjl 
b '"ij '".' JjW ^ t aLx (^ qjjl^Lj pjj jrp. iAlopecia aL«JI ji w tj ^ Att 

i4-p-f ^ L>LiJI jla cjju^Ij iChronic myeloid leukemia (CML) ^jJJ 

^jlij— «jJ! ^^3 (_y-jx i^j n> -w ^ISt o ^y9 a j * "■ ^ys I t 5 * a ^yl_ju ^jiajjJLl (jL-jj 

LjMJkJI fjj 5jJnr ^ Lojj _ i * juuj i^jLuSJI r-^LjJJ 2l*_llj u . r-wljj>Jlj 
< r-i»lj^>Jlj (jrtJiJ! jj^^J (j^j^l A aha ^^ j t Mill J4-) * j ^^T' uLaj>- * 4_lC_L-vJ1 
tx-L^aU iLaJJB (JjjjJ t JuJck r"^Lc JU*Jj*j j-JiJ ^JJt j^ajf' i (- >iaJjJLI (jjj\j (^^i^' L^3 



l£>-$\ 
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^JiOjj* - 4-JjljJI »o - 4jI Q^-uajj-AJi {jCl>Xj1\ q±s? La tJ-aLlJl 4 ill ul pi JU (j^Jj 

1 a* *w 

^jujjjb J £ iSu 4oju 2^_a Jjju j t Mill (jj-fl ^jLjJI ^y9 Lot t4 <-u-dJ ^ya j t Mill ^J-*J 
jjuuJI *j JLa A ' ■ j "■ (J*jl>.LjJI ( j^* t (3^ *-^J . ^jL«m£JI r-^LaJl £_^c <-Jl3jI1JI Juu 
4 nU la (jrJ* 3jj_3.jJU L>1 >JI jjLj *^jl o j*Cll £>! aJI J *-J Sjj^lII ^^ 

t u * ...I urpjLH U^ *5j t mi II *-jIj^>J 4^Jt1 L>LiJlj <Bulge cells ^1 n "nVI 
^«j SjLcI 3 jt^ *j>im ^£. Jijj iru ^Oj^j j-aj iCaveolin -1 « \ - (j-J^^^ 

(''ij ^ 'i^jy *\^ 11 7-!H*JI julj jl *j* Jiil I ^*j; m j-4-Lll Cj jL>» ^j9 plj^u t5j « Mill 

t(^lo3jl . O^-t-u - >*j) Sj • Mill JAJ (J^»lj-A fj ** > C7^ lj^>JI f.Jfl »• 4_Le j, I tl 

a»*;*it u*jl j**iji 

Uiu ijLuaJI £>U (jjc oUJIj j^tAiJ 4^jlj>JI L>UJI ^ I jitLu.1 j ^"\> ^ 

*4jJlL>JI jj>^>Jt ^^-^ - * J ^ JLC ' Ciljjfi <>« 4<.h <u Lxj _ 2Ljx.Jlj>JI 4_iL>Jl Cjj^c. 

L^j tt>u ^JIj ,. lM , »j| ^k. LIIaj Ul cjL.Lx-dVI ji^lj juiif^j .I ti^l 

i^)Li_oJ jl ^J] ^ j miJu 4 " j a Al ^1 Ij-Ia-i JlL>JI (3^3cj (JJ^J Jt-lil l-iIZlc ij] i—5^ju 

4-iSUj 1 1 La ^'ft 3»ji^>Jlj Sjj^jJI (j-Aj cjLjjiLXI ^jja i ^ m^ll LtbJsL>.j Lj^Ij ^>^ J4^ 

L ^jj£j| 4x,L^< 3^^ ^ l5 JJI «JVI f^*j LlA ^jjaj t4_ij-uajJl CjLjL^jJL (jr I^. Luaj] 
4Jaj-uljj JjJLvj pjlm j^Li jjj->»il iVl^H ^pu^JU Ji^l>.Li]I f-IU"iMil JLBj . jLlIJ 

.Skin stem cell L^jI j^Uj SjjuIJI v'j^ 4j^Ju>JI 2LliJI 

'"■ i *'jt (.^^J t&J-^ O^ 9 '^ 4 ' ^^-^ j "■ '"* 4_ulJ_>Jl 5j » Mill t_jljj>. 4 jl V^ (jM 
^p»l^_<jf ^M-£. (_^ f >>" i <n U^-iJ jJj i JlL>J) (_p»l^-Al jjiajLJj fJjuaJl ?JLft3 '^>^' a 
. Lj^il»l q\ jJmh L4S jjJldJLl j irtjllj j4 j j mill ^s\jj^i\ I^miIj ^jr^- ^jjl^i-^ 
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}JL>J 



5 Tw^ ...yi iiJoJi 



| _ >JJ JL» ^-J — I 1 » 1 I M ■ 1 1 






^clauif ^ Enamel 4-t>jl3JI LLII 4 5iU ^ 3>L£ ^LUl^ 
i_J uiuj^o ^m 'Dentin <ul>laJI Lull ~ A * ; u L^Ij ijj-uJI 
Ijj .j ...it Ly »J\ ^j --**' <u i^JJIj (Dental pulp j-JI 






^•^1 



^J'l JJ^^^^° 



irfjfcdt jLrfl Wl LUft SJMlM diitftft **■*) fcl 

Nakashima M U-uilSu clU-.,..l ,^u^£ 4jl«Lk ^ Ijujl^j oWW lt* 
oLj jl^ 4jl jl iDentin 4-lL^IjJI UJll 2L£_iL ^ jjj-JI uJ juju>o ^jl^LuiA} 

Dental k^c Ju>JI (jLu^Vl *_J Lj^^ l£>^ u-^' St^ ?j ■""' u' j*>^' IAslh*- 
b>L^ (jj! Jj ^ ill (jjfi 3jj^U1 L^jjJ ^oJI .pulp stem cells (DPSCs) 
LlJ.1 s s : t- j*Lti£. ^1 Jj n- r> Lkjjju yjl Odontoblasts ^1 ^Li^Vl 

iLiJI ^3 jl iSCaffold 4JLi^JI ^ L>UJI *JUb J-^JJ jr^ ^l^J t4jlVljJl 

.( T0 ^ Bone morphogenetic proteins (BMPs) J Ho 

L^-ajjJsj Pamela Yelick llL}Lu M-j^L» 4Jl^LJ1 <-.;<<i~ ^Um.^j ouqLu 

^u 44-i-oL^ 4JLL^u <ys Tooth germ cells a^ojij^JI ^LluiVl L>Lx i>cjj 

>. : ^ ^...tuVl ^j^l l-JUJI ^^Uil^ *L* UdUj^jj^ 1 ^ 1 
3lss-^j SjLiJ ^ (jyi^tJI 4_5jjJ3jPaul Sharpe's jjjLi J^j c£-£ uy=^ o^ 
Sl^uijI Ujjl-um <jSLj ^J _ Mesenchymal cells JUj£j^jI1j 4_l^JJI L}L>. 

(jjl 4jjLaJI 4-^qje ill L}L* cJ^jtla * Embryonic oral epithelium 4mm?J1 
_ Lajjju cJj^o (PJI ^Mesenchymal stem cells 4_ul ju>J1 4 j ■«--*!! I Lj>Lx 

j '"■ j a ^H ' J-A J - rp'j^ jJ^Ldu C<-4-> (jpJ' ^jLLuj V I * . 'J^*j~ LaL^j 4-i.Ju." ( . uSI^3 
ljl pJb^-uzu 1 ^A^^ill.J ^jq La U^j>. IjJLiLfl 4j-»Jul uLLujV I '^j'^^ tlJL>* 

(jLdJ ^uJl (U^J-* U^L>> ^)J0 £jt ii«Vl Ay ... 1 1 ^^ic ^Jj| I ,n ->, 1 1 ) U3JI UlijJLCl rnflj 

«J t Lcj j i ni ^ Y SjJL iJL jLb a^ ^jja Cj^jj Laj^jlj (_yjJij *4_u3Li. 4J1 5 m (^ 

» ^ ^jLu-ui 4^- miiI ^jj3nj L4JI U^-p l^^T <i^j idJJj Jju Ojljojwj O 



^•^1 



2^jl\ jj^> ^XX* 






Postnatal stem cells i^H^lf *Ui* JflUt £t 4^*aJf ^Urit Ltt* 

jA j J iaIIj .£jL»ljVIj £}Ljl!! ^ 4_t£JLj>JI 4-j1>JI CjLvjli *jfcl JLjk? <jj£j 

^pjl Deciduous teeth 4*jIjJI j^L jLi^JI JLkLVl ^Liu.1 ^ ) JUtVl <jLU-? 
41xjj ^^ (tLVlj cjLg_4 jl L^j ( b7 ^Jjj t^JULiil jl 4-ijLuJ! j ^ c ^Ja p j '* -k^l ■ ■■**■'* 

Postnatal stem^. Ju>J1 SjVjJI jlaj La LMitj ^^ic. jj m<i ^ o^^' ^^ s^ 1 
tio-LJI ,j[£ jruv tjii! jl cry°Lc ftljjJI ^Jl j^^j ^j-Lbjll Jj-oIj J ToT ) cells 
jj-I^jlII Sj^oI o>j ^ t t <5i>^ 6 fl '^ J" «j Gronthos jj_«ijj^_c, w ^j" "^* 

3.V t "II CjLVjJLj (^jaj-aJI 4-jr naJl J ^ a a ^ iSongtaO Shi ^^ jLUujj-uu 

£>a CjIj <a *" -- ^ 4_LILJI ^LLuu^I l-J Ji-lj IjJ^j u^ *^* * * >LJI SLxSLj^V! 
cjIajLoII {ja$ .2Ll-c.ju>JI L>L>J! j^» 4_jxjiJI ^jua L^j ^jl i_jLi ^a o>^j -^ 

t ^."t ^j Lgj*^ O^J it-fJI JbT La^aC (j-A 4_^jL^JI ^ C*Jl£ jLajljj-ljj 4Ju1 q\ 4djUiH 

Qji L^jIc J'^-^- ^lll cdlj 3>^ 4j£,ju>» L^L>. L^Ls 7-jiwLa * L^jJ y^^^j La jlS- La 

(ya 4-i-laUl 4jLLlu! |j_p Lij>-^ jj^ ^ 5 " '" j-^r ^ JikJLSa SiULJi jLi^Vl 

( _ 7 lJl tl (j in <it 4 j'hIH (jLu-u jl Ijljj (*lj-C.I 41j-u j-*£. ^Ij^- (^J 4 5>« (Jj^i f^L>^^ 
J J 1 "? nil aj jjjaj i4_4-S 4j ( Vv 5j j^jjl jJSUI t^jJb V I |laj S i - j 4JLloiI fjJ-J 

^U ,-.... A {£} i^jVl ^ JlJI r, } h U£ *4ilJI jj-a c.in jLluu! 5y,,ni ^Ll^Ls 



1 j ■ ■■ * 
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>oj}M j^^^J^- 



Sjjjl^J f\ i u-jJI 4_iC ^yJuLJ-MiJ ^Jul p i uJ>JI ^-J9 



(J^Ju jl 2L>.I^_>. *l^jwj 4-j-c.JljsJI L^LiJI (j-lc I frLa J j ' <a st LI fjJu LjJ^-Sj 
^^jJI J^ LaJ) ^jLltwl aLo! «LIc (j^jlC* ^jj3 (j^tJ 4j?<j-ll d^-^JI J-^J t«j-i»Lj jT Js m< t 

f Ijjl ^t j4U"^ ^J 3-jLxj-j 4-jjHII I 4i Lu _ ^jLLi^jij 4-jJL^jJlj 4 j n lr> 1 1 1 j t4 j i ir^tH 

3 ,r j ^11)) ^ f> J! ^^ SjUUI 4_^M^Vlj 4-lJjjJI LLub^JL ^jlL^u V 

_ Jl rtlr>Vl ^Llw? ^jja . 4 j r J yl I bMisJI 3jJl2 4jJjJLa^a ^a a£.jJI (jJ^J 

^ j j ^ jl^^ .Anthony Mahowald ^j^ul j>i£jl!I ol-^ *3hU 5 ,^ .^^ - ^ 
(jpiiij^-A r^L-«J jryaLjoiJ a ^ ■; ti t -,l'.j j ,^ *tt b>L^ j! ^j< ...U ^tjJI 



l£>-$\ 



2^jl\ jj^> ^XX* 



ijIIauXII >Ucg'Lic.kaJrkJaJI 

^yolij ij^lxl 4jr,'i ->. ^jLLwl Lj^tJ jLiJi 0-^*- \j'^ «Gronthos S jj^j^i. 

Progenitor cells (tUfeJt* dUiilf glU,* *J$Jt Ltttlf 

t^^uj^Jl ^j"i i nil ^-Lc (jLL-u VI 4tt i fill Lgj ^^-flLuj (jyjJl 4j_ajSjl 4_i_uljj ^j_4 

* ■» am 

j; ->il <ya j»Uacj jLinil (jJJ <LJ$Vl L£L»JI Jjj^S {y> p a '<~ ^JJI j_»Vl 

. (Yoi) Liy? ^1 jjSlSJI Jh 3 



Embryonic stem cell *\**l\ garni X liiiilll <-***! f SajJiJI 

L*J LxJjJlJ L^L>Jl '^^ f l U<r I ^\* SjJLtiJI L^JjJ 4 .ti>. cJ3j.t \ Lj-S (^^J 

J^-ua-stil a.iVi ,,,"1 ^1 4-dJ^LJl J$j-« ^jl£. VjJj ijjLLuiVl LM>. ■ > iUTLi L^Js 
Reprogramming4-3 tJ a > jJI old 5 jUr L*_a j£jl^> jl juV ^1 . LMiJI ^ 

1 ^ i ii aj ±j\a}\ (jJbJ lAjLjJla 4 tsiuj** i^Jj Lft»Uj ij2u-* 4*JLj 4_ijd_>. 4_ti3- 4jas-^ajj 
*l iJU jl . 4_£jjJ5j Cjj^qJjj ju! JU ^-lc- ^yiljJ tfj j | i"i 11 4*ir till Lgj CjI mii (jP^I 
j^M - 5 j'j'^ ^/''^ 4_iL^ Hi £4 _ 2UJLJI 4^ V.u^ll 4_iLkJl Lij ^t - LfcLj 
4 It 7-j J^ mi t fjj^a w Lil>. Ljj ^j £JLjJI LJjJI 2Lat_^a^j SjLcl ^i^L Jo tj (^JJI 
(jj-Aj *J<r> nil I Jufc Lj^L>- j> iUILj 1 <j jj3 Loj * L^L>JI p I^jI ^j<i -w LxJ^-dJ ^Utj 

.(°^ 0T ) aJLUIj W.ll ol-U-Vl LMi- 



Tooth stem cells ^^Jl ^I^VI U)Ui d#jy tU^I 

'*•-*»■ Jt ^ JuJU>- j-A La J^ - U-jl J L^jjl *<s _ * gt ilj 4-o^J^aV! 5Ua^£L>J1 
i4^a^Tcll tjJaJI Jjj mil ti*^. Y • • aL-»JI ^ j j^ ^ ^ (j-fl-3 * cy a.ltll 

jjjo 2Lo£. Jlj>JI L^LVIJ *-iJjj-j *LAjI ^yl^. 4jo-^>JI I j >.j ^j l^u 1 1 ol£^-ii ujUtJuol 

t^jjjJI l-J ljuJU>u ^Jb JLaJoVl ^ 4j_cJl>JI ^Lu^yVl LjM^- j.lm aj . JLaLVl 
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aJI 



. UgjLSLs ^j£ Cj-^^ <"'j jVi {j£- 4-1 jj mil jjLLi-u VI 4_tojjl £ytj t£r*XaJI ;*Lla£. (j-*J 
(jji jLjJuj^uu 4-Lsl^J^j T * • • aLjlJI Lxj gj| LMitJJ jj in o< < fljLo£i ^ jJI 
Ijl.^id jt 4-iJLJl jjliuuVl 4 a; M.'tJ ^>Luo^ 4_j_fl ^J ^" ■»-* ^jJI ^Jl L^-ik. 

jjislj^f r^L^j cleft palate jl aAJI < ** >■■ (^ict ^ ^^ < ^ •< ^-^j l£.jJI 

^jl (j^J ^ tiillcj - |»l£. J< m, t - 4jX. JU*JI 4_ii>JI (j' ^J^ ^^ J^ CH°i 

^ya ^j.^.1 ^j-^ 4_jUI a]^c {yi 1 # ■>» '^>» j i^j-tij^-i^aJi 1 ^ j a L*j ijjl-L-ii VI « m^ 

, 4Jol mi]) ^j£ 4jlc. {j^\\iju 4-Ll.^r ^Ja jLJLjJI (j^^- '"■'! 

Lai .n^l ^ m. m <jl _ (jjj-aJI LULc ^Ja - jliuiVl (,iU qLA£ Lr k, c-^jtj IjJ 

^jJ^Vl ^Ll-SVI j.* c-,uLk (^1 L^ ^>UJI ^ L^lju^Ujj 4o£:JL^J1 4JL^U 




^•^I 



^>j^\ jj^^XX* 



M 




,\" < j^a\ 



aJlJS-JIIi »1 1^> Vlj CjI alia A (J^J3 < aj) jll aJL_«JI 

4 VL23 *Li£.? J*^i 4jKTI jLi 4^^ , nill *jLu 
3jl_>. uL_ta> £yo t j j < S 1 1 1 '" ^ 1 aj I g * a K 

L*KLA-, ^LUI 1*^15, .^LUI * >aill j**, JkjiU < vLJI ^^ "^" 

4- T- m i ' iI £-A £j*-lH\ 4_3c_-uiiJI ^^"^ 4Jj <j ' " >JLjJ ..^Kll J . 1 :..;! ! 

gjiiiill (_>^aJ>JU 4_ati-uj| J^j£ aJulJ <J£ jl tj^iaj^JLl *Jtf>l( 



l£>-$\ 



>oj2l jj^m^XJ- 



djjb (*j-^>- t>° «-^L-Ia jT . ^c-aV1 ^jto^ _ I "i tlij^ *4_J1 AjLaJI l-jj^-JiJI (^^liJI 
J-- aJI jLSa 4-ojLuJI cjLlj-uVI «-j^q^>Jj Ij.-l^Sj i^jjJI JL^-j <>-« 4 jl i • It 

jj-fl J 3fc '"^J tfrLj— 4->> 4jj— iit_jJJj t - LaJI fci flit 1 i— >»jl i^» LjL_>o Jj-4f (JJjJSjI 

tf JlA ^jjft . t*S 'a 3jj^>.j-ja Lg-tl ^jjjJLaj o^^L-iJI (J-*-^ l£^' j-j« jm t 4_»_a I jJli 1 

4jKMj t( ^l ^SISJI frl ,r>rl J£ ^ *.>>».>* ^Jl^JI 4 ,1>1I 0? (J^ 
4_t-oLi* 4^cJl>. Lj^L>- Lgj (jL^ «j (j-^J * Ju-u->JLi 4.^11 &Lua£, j/I 0-a 3Jj>-Ij 

l-JJI (j^j *papilla 4^<u_iL>JI ^j *Renal tubules SL^Ktl (-.jjUVl ^ 
^J j : j u S^oi^ 4Jj1 liJLLa (jpa ^Lc J< -\»j . Medulla 4_iKU ^^^jLiJI 

Glomeruli ol : j <ti L^L^j Tubular cells SLu^-jVl L>U>JI Sj,i Pi a 

b>UJI of l^! ^': n t T- A ^j -ijL^yi ^VL^ ^i i^iUJ! 4_JSJI Lj^U- 
Lj_udL> L^jjJ Intrinsic renal cells ^Hbj-^JI j? 4 jl^ijJl o^KH 



^•^1 



2^jl\ jj^> ^XX* 



^ 3 jM: r tl 4_^JL^J! 4-iLkJI JjLk3 4JJLJI 4-uiJL^JI LM^J! Jfc-. ... 

3? Plasticity <j^jJLI Lu^Lx L$j >i m Mj **LioJI jryljJU <uj ^ ". *j Sju^-s 
iilLJI 2Lcju>J1 4-iiiJI 3jo!a J^ ^ L^j^. U£ ^j iTransdifferentiation 

*' ul Lit t*-^ -v. ^v^a _ L^oLaj ( Si". st-J L5i_>J1 t j-« JLjJL_>- p jj (jJJ J J ** "i ! I Lr l£. 

/>. 4JJUI Ll^jl^JI L^UJI floJt^L, j^i 3^* cjU^i uiJLaj .^>^h 
LMSJI j>» U^.j ; < _ L^jjJlA! till jj * Lo^^-c 4-J>JI cdJUuIl 3 L ,l£JI Ja\j-*\ 

J\ Ug.SL^.AJfc-.a Su^ L5U. (jJI J>*ili t>i - i£>»-Vl 4JLJLJI 4_^JL>J1 
^^ <jL-^J **lhf!l ^^-oj ^Ja Jin '"Ij Jjuo! L4I JL^j 4j^1SJ1 4 j f \ 3JI 4 jl^JI 

4_^cj r t t L^L^JI j^s.^ jlLc 4i! Zerbini G ^^ ^LV^ <«JL_*JI 
L}UJI Ijlu oJUaj ,1*j U Lit ^1x3 ^1 2uKJ1 ^Jl J^3 ^ Lili. *JuCj 
^^KJ! c-J^ ^ Sj^-^^il .Renal stem cell d^Kl\ * ±r\ r t l L>L^JI j^ 

jLuU (jl < f 1 i <tt j ^j j rtfij c_3j_ijj Jj^jlII (jjJJ^S JJ-^' CT^J * ^-^! ^- tu ^ J * 4^>-Lx 

4-j-cjlj>J! L>L^JI »jU- ,,.-. Vj .Acute & Chronic renal damages o^jJLIj 

SUJU1 L>UJ! ,>j>ju r jlU JKrViU <^^>Jlj 4j^' 

tjro^La Jj t-aVTiji c-fljjjill (jdoJa .^tjjU J< mi j Lusjj 4aJLiJ! 3 1 4^JLI L>L>Jl 

'«'Ti^ ApOptOSIS tlc^s ^, ■ j j La JSLliJ j-jJaX. JS ^is Lj_aj_j Cjj^u L^LiJ! 



^•^1 



>oj^l J^^^J^- 



'kificUrkxLaJI 

jLa s^J^ 1 J' jL ^ JI lSj- 1 ^ 1 - -'"" *JL^ <ya L^i .^UkjLId SjuJu^w L^Litj 
^ (>. 4_uVlj ^jlIJ 41AUI 2lui^>JI L^UJIj .S^KJI 5Luijl>JI L5UJI <>* 



Ly ' ^ rt ^ 



^i-C jL-ajJlj uj!j_JJ"J1 L-u-Lt jj L_LAj <3j-_£^1 u3 p 1 1 uJ q\ du\ fl ill ^3 j-La-MaJJ 

^ 4ii oUJ ^ ^j^Vl . l^Uf ^ UUS 2LKJ! JAijj .j-M^Vlj JM^VI 

ajIuJI OJSjJI 4_a^juja ^jJjC (jVI tJi^l^LJI J« %\ lLUjJ IjLflJl CjLoj j-^' m£? 

3j.n<:ti aja^^ i^jfj 4 ^^iui jAjU! ^>Lc ^ 4_^ju>ji i a<\\j j^jliu 

,v t 4j^LiJI LajLxj (jyjjjj o-^>»J (^1 t^J-* 4_jjjjIjJL1 



' •• IV II • i II ti • » ti I k I > al _ j* 1 1 jf i 



• • • 

Jj m^tl 4j j * 1 n 
4-jUI JLjJI 4 ji^JI (jjl 3jj_*JI ^1 tjryj^LJI (_>ia-JtJ Cn'^ *J .1" **U (^ LAj-j-C. 

jSA . Ijl>. j ."ii j a r!vL±JI ^ 1 ^ ^1 \ ^- ,..i jf Ijjuwjj ^j-JaJLi 4j^KJI L>LiJI 

7K-4J 4 j' A/ " UJ-^ -^^ ' d J "^ ~ '" o"^-J 4_i_3^L>.lj 4_lLj 4Jj ■-■' ju-4 i4jJjjL>Ji 
5uL>JI j-a ((^-^ Lj^Lv >U^. ^ Jj^ ^v^o Sj^wjII) 4 jm'i^TI 4-lC Jl>JI 4_j1>J| 

SjjjJIj Reprogramming 1^.>^ SjUI ^^k, Sj^Vl <. l -^T . 4jULJ1 4joL>JI 

jjfi JLfl J^Sl _ 4_^LlL>JI 4_l£. JU>JI <_AiJl ^^ajl uzJh! 4JjU-« j^M ^^ CjI j 

^1 2uS^L>.Vlj 4-jJjjJI 2LKAJLI ^jic Ci-ii^fl jLJa oJLIj ^Lae^^JI 3jLcj <_iU-c 

,( 0T ) cdJjJ Uoj 4j.m1j,„IIj 4jJjjJI 4 K Mill J^. 
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L>UJl c >c ^iu^l 4ol^ LM^ lJOIi^V a TJ V> ^LUl J^UI 4 K r„ * L>i 

4Jj in X H ^ * hi " 4_Jaj^_laJ 4 K i"i U dJufc (i i Vi *l 4-LlJI f!U"i ml JU_i_3 

4 _> rbll LMJJl ^Ijuiw \ qja l^jl-^JI 4 jlfl r ^j .Encapsulation 4JjL*JI 

LiilJuj ( 4jj^J»JI 4j^KJ1 LMiJi J£- bk_iL*jlj t .V.m^II *L>.j( pjfl-> ^ 3; .Villi 

ajLcl I it Wi i »l LLaJ La : IjJ* Lujjj t 4ju^laJI ^JLA ^J J^ (*J *L*1aJ1 ^jl Juj 
^■suL^ai* ^4.^0 4_tL>. ^Jj l^L^>uj i4.jJlL>JI 4_lL>JI Jlua 4jJbJI 4_lL>JI Ast-Aj-i 

4jjH Lj^L>* (jrlj J-JLjJm ^^ L^Lj^HJ t jU" in'l (_pJI i4jM i «>J1 4-t£. JL->J1 4jL>J1 

^ 4jJlLw 4Jl1L» b^L>. J_^L) V I jLJia LlUj J£ «^^" ■■■*» Lio La * 4_ua-i-*aieJ_A 
*4_jjb 3>j— a 4-jJJ Jjj 4jjJS b^Li- ^Jj j ' ~ -- 1 , 1 ^j 1 fl 1 j ■*■ » aj 4 in lit (jisMjJli 
3 \< & « _ ^JLt UJS Ui - *-*I*ii U£ LU] 4-cUI JK.^ ^bei dLJJb* 
b}L^JI ^ Jj .n ^11 i^Vl J^_a plj^v. ^ 4_u_jjd! fu nib ^IjLJgu^Vl 

.4 i ii i "N 1 1 4_i£,JL>J1 
£j£. .j^^'/* u-3^j-u Lul jl tt-xq-^Jl ^ V^jJQj 5L>-lj j^ljJi IJLA ^yiJ JLa3 IjJ 

3LS5UV! JSLHI ^..."..- US L«U:.jliVI ^1 4S#LI 4*UI 4 K ^ UUI^ 

.4jmI^1I SucIt^Jl 4jl^U Lr L. Jj<n**U jrU^Jl Jj^ *l>^ t>° 



renal ai.ni-w jl Suoojj^w ^K L>L^ ^1 Jj ^"" i4-j^QjJl SjjjJI Jj^Ii 
Uj 4j^1U1 4-Lj-J1 ( fc M -k tiJLlAj ;4 jKll ^JJ Jjusj L^jjju ^1 t progenitors 

4 j ajjj^>Jl 4joi£jl L^L»J1 Jt »u (4j9^L>-j CjIjLJuIj j rt ^ J-^ljja ^pa 4^^__>o 

.^.,-,-^U Ja ^U^j 4JSJI b>U. ^n^ ^1 UL>^ oVl t^SLwj . (T0V) ^L^II 
«Mesenchymal stem cells JL>i ^Llk*JI Lr 21> ^ ^^-i-i b^Li- jl-^-^j 1 ^ < 

,4 jKILj T$j->- J? obb-dj (^1 i1jjJL>- J-Ic 4 in trfV" a 4j^1£ b^L>> ^1 Ji^ 



3t-U 



iljUr ^ 4.JSJ1 (jJJ ^13 ^1 b>UJl ^ o? U^-bJi o^*J J-^i? U^j 



^•^1 



^°J^' JJ^^^^° 



-Us'a rjL^I t>° (j^J L$j!j 2LjJSLJI ^ j^pjb L^L>. cilLl* <jj I^JLa ^jj^vT 
LMi. Lr &j (Intrinsic renal cells Su^ajjJI 4_JL^Ijd! 4j^KJI L>L>J1 u ^ . -'j 

^ 3j_fllj^ULl Kidney precursor 4—JjVl 4j^KJI L^L^JI 



tjj^i ^-Sj-c Lj-Ijj .(^^ 4ini^VilJ 4jKH L>L^ »■»> *LLa£,j L^jl^ab < fc '.p» 
5u£.Jljv Lj^Li. L$j? ^^ic. i( j\±>J\ 4y mi'J ^ Sj^jJU CjIjJLoJI SjJaIx L}L>Ji 

5 in i^Ji 4 t- m'tVl tfjub iMetanephric mesenchymal stem cells ^ «»"■ 

jl 4 jKU pig jl^ ^ «_3j L^jJ Jj-Sj ^ LdLtA Jl aLj f^lr. (4jaJSJI 4jf ,'l-Qi 

Tubular 4_u^Vl L£UJI jl ^Jl ji^l ^j^JI ^uij US .^jLiJI l^J J* 

t Lo c-^j ^fl Sj.l aJLa ^-iljJLa Cjtj ?u^oj Lfi^ Lj}L>- ^^A (4_iKJl ^yS Cells 
Ijj . 4jjJ£jl 4_j»cJl>JI 4_jlitU JLjjua-dJI Cj-lj ^Jt Q^&~ jV SjlJLi 1 J^ "jj Lm» 

4Jli_>J I ^^Lij ^ -iLa C jj-S JL- jlj I a (^jjjft jcj ■"** (— Sj cu t^JJI m£jJ£L1I ^jij (^tl 

i Renal tubular cells 2JAU\ :2u>l£N 3lj>ujVi b!^Ji ^> - r 
l-^jUSM LMi. o» urJ! cA^ 1 *^y*3 Anglani F ^Ll^^l d^UI jLii 

(jjl lmhUII C^JI ^ Jj -r "i"> \ $\% V> ^1 ( 4Jj^JLI 4 j .^L^ i'\\~t<i\ 4-J3JSJI 

Jj^ Lu» ^Epithelial cells a^t d tMi a^Kti L^Ut^ 4 ( n t r> V.^ 4^ L!^Li. 
. (T01) 4JJUI Su^KJl a^JL^Jl LjiUJI ^ 03^ ^ o>^>^J Ln!o.UI 
.Neural stem cell^Uo^^t2L^^t2ui>J*<>*-i 

LjM-j^ ^j-S-j^ jy: tfjJLucLwwaj Woolf A. S. ^J 4jI i^oJjj (j^-OJ J— 1-3 

cdJj a^J ^4JJ t^jruLasJJ j^jiSjl ?r j mi ill ^Li-J f^3 i'n/1 1^1 VtJ *-1)JmLc-J <jl , 1 tl 
j)<till ^-<3 Jr 4 jA ij-jl LAjjiSIj 1^<i ittt ^jljj »4 4 J A J-^JJ j ^"^ J-filjJl. SjLcl mot 



^•^1 



>oj^l j^^^J^- 



CjjLL>.I I JUL LJ j-jJu (*-! uiJjj l>^ * ^€ '"^' rr J "' "^ L3L>- <3-a 4 • «a i <a je " * 
tJ^SL) JL3 (^jKJI ~j mill Lb j I j" Vl J_A^ $4_i_l£J1 ^_iX. ^j^( 4 7- i.i'il cLL) ^ 
2Ll_jjk j^i^ t^SoJI tdJj <y3 L$-Lc I j ; * ^j 4laLc 4-JiUI CH^ l^ ^Jjj "iU 

,jt j»l S3LJUI L5Lx ^1 ^La-Ul ^1 1 « » aj> U* ,^ J-'j-^J ^IjL^I 

CjLJ^I JjSIj JLfl La j o r $4 jKtl g-j ni'i t>J^3 (jjl 1 3 flj^Jo ^ cluLS Cj!^ 

4j! ^>5Uj 2LiJLJI 2L_jju3jJI 2u£.jlj>J! 4_tL>JI jl j-a LL^ 1 ' o ^ j La ^>£J t 5jj^ 

g-jin ill L^Lk L^i^Ju aj (j^aj - l-j1 mil j intfl 5 V 7" il L| " j * >. y3 La CxCj^l 
t"«t C Ij i^aJt ^jjo jjsLa y^ ■"*' *"■ >■! JLB L^jl L^Lo Llld t L^J j S " • -"j 4jjLiJ1 

'A . ..a i ^-^i ...'ill 4_ijj jj-a 3jJL%_a ^ j i ■■* La CjljLilj a^aj l )^sIjj2, 3-jo-t-o ^_3 ^Jj ■ -'IS 



^jUa>j i ni ^jJ=Ljj_a 4_£.LLa 3jL^J AjJJ 4 t miUI ^ j C > >J1 4_±L>Jl <"ia, 1 VI ml 
jr^ i^jS^jj-joVl (j^LuiSu 4j^j ^ »1 la£.V1 4-c!j3 JL^jua ^ dJJj ^u .4 jKII 
ya ^jdJ 4-IAjII ^Lj-jCJL^JI 4_iL>JI 4-C.ljj ^>a <J^1>.LjJI J^a 4-C j a -» a 4^0^ 



^•^1 



2^jl\ jj^> ^XX* 



.^yiaj^U «U£.LLU L^L>»JI 5jL)^J JLC.L-ujQ J-oLt^ ^-UJj *4_il£Lll jUa^i-i ^yiajj^o 
^JJ LgJj^_3eJj ^j-ujij ^X.lx4 Q^^_iJ C ua LJfc-j ml L-a> 4_4_CJu>Jl 4_jL>JI <j1 ^1 

^1 w ". a^JI 4-Sj^Jaj Abbattista I" ,., mLi ^U^VI d^LJI j^j L^I 

jlj r..M rMx, ^ ^1 IqjJI j^^li jjj» 4 ir>IV "i i fill 4_l£.Jlj>J1 4 jl >Jl l^a,t V" ml 

Jo-oj ^jJl jji uaJl ^^j^Jl >a c-JUJl^ iUretheral obstruction . t-JUJl 
jl ^Glomeruli cjL-uUI oLL^J! rMc J& Iaj * j3d ml 1j£$ iAJlilL 4jKll 
(J pa ft! .oLLfrJMJ ioKJI L}U. 4^jU* jJa^i ^ull ^ 4^ J^J! L>UJt <jl 

£>L±JI 4-jL^r ^i 4-SjLLil <> 4_j^ 1^1\ 4-iiSJI b>U. 4 j o*l (j^a 1>LL2j 

.Ischemia jl ^^l^jII f jJI ^ j-Uc ^ L^jI mV.,,,1 US . (no) L^t 

(J-ijj JL3 La i^j-JujJiil pi -j j<" ^ 4-iJj-ajVl L^L>JI ^A Jui-3 4_i£. xjJj i^JJl 
4^L>JL> 4_udL>. JjoIj^ jijji iMj^aJl tJ^jj^LJl a, v VI i nl L*£ . jL> (^^H J-uiS ^1 

5 su:^ ^j ^h«!l ^^Sj ^ 1 <ftj^ a= " 1 dUjj ( stem cell factor 4 j r ,'v ->J1 
^i jj ■- sn 5 r j -.; 2 a<\[ 5 r ,,.\f ^ c-Ll3 Lo £>L*-oJ ^i j-£> Duffield J 

to ** to * » «■ 

jSf -iWajs ^SU t 4jKII 4Tr..nt £>£- fjdl filial 1 Qmmij (^Ul ^J>^' O^ 4jKU 
; if 4— SjjJoJI dJLA Lin F. (>J J "' ^J .3^— uil i 4 j-J-C <L_Sj^liJ aJjj IjlA tjl 

(j^lSJI x-m^UI tj^SLj ^1 ^Epithelial cells ^jjL^IiJI LMiJ! hjj >*i >^' 

cjLLi^^ m ,nll o' ' Y * * ° r*L^ cj 1 '^. 1 ^ **-3j>j3j Stokman G tjL^j" ... Lfcjj»_3 
cLiji 4_Aq-c j^ fj-t^ cr ^l\ ^^ (CjLI ^"T>U SjLJa a jIj-a ^j (Cytokines 

aUojuII (jr-dJ ^j-uoJ^ ^ l_^_iJj AjJl Jj-judj ^j-d 4_xiji^->JLl jt ^j1 uaJ.1 4j^1SU1 4 ola-Lll 

tj\ L^J ^jJLAil j^q ^pJl ^Granulocytes 1 ^U 4 i < -nil Luaj m^ fr l ,>> n ^*j 

^ ^L^3 oJ - cr^l Lj^Li^ lit - W < - i ^ «4jL-all 4JSJI L>U ^Jl t_uba3 
S4 jKII ^ 4jLj-oVI fSj->a erJJ Jj uo^Jl ^ LuLi/l 4-Cj-Uj9 (jhAj r>L^tJl 



'^•S\ 



2^jl\ jj^> ^XX* 



4Jj_ajj Pj-l^jJj (jlj n— il <^ll (^jlS II xj i ii ill p.i ir> ujIj 4 jla c ^yS *iAl ,* ».u J 

3_£^j jj! La.< .^k«!l ^^li Lj>L^x ^jjj i>iTLi (j-^j Cytokines oL>L$_UVI 
<j£. Ju>JI L}LiJI j*IjlVi.hI <j\ j-t^ji tjLtULt ^ (^L>. 4_«jiLstj Yokoo T ^ 

j-4^fl t^j-saj^-U (jr^-C I UJ mi 1 r i r Ji-4J 4 < n n i ^jJbujJU ^j-«o aJa^l! aill ^a 
^yj] ^ 1 "wL-JI £-3-> 1-4-4 iSj-_>*jJtl 5juL_dJL jj-mjJj jj i la 1 1 j ^ jl c Jji -t-i ^jjl 

Umbilical L £j^ J J\ J^JI a.s ^ ajlIJ SAAiJLl 4_^c Ju>JI LMiJI u ^v k^ ■ ■■! 

,C TV " - nA ) a^Ji Ci U^J I oLL^JI £>U cord blood 

(jl LiUli hj*Oj>.LjJI (jrit J ^j^a I j j i S 1 i j "*»JJ (3-L (cJ ^jLaJ^j)" m 4JLJ9 La t ]^SLI 
3j j— iX LcL^jl «c_juajj *JL*J aLc J*C ili t AjdJ 4 * mi Ul 4_j_cJujsJ| L^L>Jl 
. l_j Llo-lIu c—il j j \\ ILi 4-_jj_ajJi 4_j_cj j| 4_iLuai ^LJLa 1 fl* a t4olS !l ' .'J""*" 

J-ULUI <jja ALli^JI ^^ ^ a . >.!;»-, ...n 4^c jl^JI L>L^Ji 2l_cIj>_^ 
4_^LLa_j L}L_i* (jjl jjl a " L^f Ijjl^ ^Glomerulosclerosis 5 ,i .^n 
4j^ajJ1 cjlj.it m.TIj 4_l£.jVI jju>J 3;U : ?i L>LkJI (^aj ^Endothelial cell 
SjLcJ ^ ci^jLi aLL**]! ^ ^ 4_uVI Sl^cjl^I LjMJJI o' lS' ■* jKIL 

4-ijLJI pLb ^^ CAjLiii L-^ljI (jSJ »4jI uai.1 AolSJI L^L> .US'a ^j-iljJ *LtJJ JLjJL>o 



Carcinoma UUl itedri ^Ul^| ^^J) 2«kJI 

ubjj^>-jj 4jji S A ^jl Uj. ,..!! < L-jLuaXI 4_j1£LJI ^ j ■■■ * ^Ja JJSu 4 j c t gJl L^L^JI 
Li-oL>. x-uiJ J-aLc ij_i_uLi> I a ij "w. tiJJj IjJLjjIj $4 a jImiII 4-jr mi*)VI ^S 2^3jj 
jjlj iReX- 1 \ _ ^juSjij fj o i n^a 4j^ijJI 4_l£.JU>iJI 4 jl^ll J^-3-jJ j j<t a or^tJ 
j| _i^>-j aJLC (j^ (J^ O^J-^^ 1 **jKTl 4jLj-oJ Cj^L>. (^ tfljj'mi a (^^aLiitJl 
tfJLA j I jSI^JIj • V ^ ^^Jqj i ii "i U ^-j mUl L-tla ^ 4 j CJL->J1 Lj>L^>JI 4jS 
LljJL^iJ ^lll (4-iJLL>j^LAjl 4_^CJU>Jt 4 jIA^tl * S >^l 4.H 4j^J^JJ*l j j\ •" 5 ^. j ". • 1 1 

jl>-j <Jua>. *^jlioj_i-uJlj 4_i^.Ju>J1 4_lL>JLj (j-oLSJI Ji^Atl Lr ^ J^'^ alUL L4IC 

mdL-iJI ^j^sj-ftj a! 4_j1>. Jj^kj ^i3 ^jJ Mill ?tj mi ill JjLaj JjLLaj mil ?r j mi) (jl 



^•^1 



^°J^' JJ^^^^° 



all 



?tj_iJiiJI (^ 1 J k: I j 1 * A UJ^ u' CH* ^^ ^-^J^J Ct^" J^ cP - ^ CjLo->«JI <j' 

' £,r* >-j A " t I j^jLLs ^J9 j^i_5j (jjJJI t-d-dijl Lai . f^-JJ) J >• (Jjl <" <a ^^4 j t < oij 
aJUCJ ^^i-Ajdl ^j-jo 4-j>. j * n <a $lj_3l i^J-lm & $' a (JLH * u a J ' " ^ * L-*jI J ^gJ-iLti 

ULpfl * S I Jut. «il) JLJV ' ^ ^ 4_i 1 O C-<-3e «-JJ I CJ 1 -^'^ f^J-LM fi g ''* * 1 "■ * 2 L-fl^-<-uJ 




^•^1 



>oj^l J^^^J^- 



«S 



s>W^ i-» 








!$4j 4 j r \ >J I 4 jl^Jl jJ-c, J m-sJl (>atj Jjfc 

^ iL^cJ^JI 2LJ*J] L* ^LkJ! f lj V, m,VI 

J^A$ ur^LJI jL-=ul oii 4^_*V 4-al^j L^^£ (1>1 ^ -^ j 



^•^1 



>oj*l J^^J^ 



Ikiiall 



j jl>- j£. I j j **• jj j 1 j 1 1 g ' ^ "*• j f • '"■ (J5Lj 4-iiLfeJil I A y* * I t— j-» I 9-^>J I *j q J * ' 

Lgjjl .t-^LjlII 4 jlflT ^^3 ,J!La^M aI.V V" < n^U 1^ tjjlaJ A±au& \ * * j*'* *J-«-u-J j flk~ 
^ clLol I Vi ...I ^ j>-^ LiJLlA Ja t j jj< 11 jLUI ^^ Lj i4jr 1 -sll 4 jl^ll 
Jjb JT4_xj_Lfl 4-jajU i_il ua a jl i u )[ jl Jij 1 ui A j— >-1 jl j\ < hILj (_^aj^a r'i'L^. 

Aj^jVI (j<~t t) (Jji dj 1 4 ^ ( J^>-' jj * i ii n"ij V in ->JI (jJS Lwfl Uj— >■ o-Jjl J^ 

4 .»iC" >l j-ujl_>u t Aj , ,» uiljl a! j ■"■ j a ^x^LiJl ■ * U 1 q " 1 u a Jjfc l4_uLj_a_ iSJI 

L*lJjL.£ Cii< jl S...J_A_a ...Jjfc S4_tk. jL£ L-« £jr*! <_>^?>^ J^^ Jj-* 2 4 J '^>^ 

jj.1 L>* 4_jj9 j^joVI /<ij n"i in" V t—dj-u* 1 mi -fc.il jl jjJlSJj el o-UJI r-lj ljLfLA_a 
*j^jj (_jjL^ (_p jja 4j ( nj"»it iljljujl^j t-iJLiA jLj j * mi j j^>- J-aJU V j^^ * j-aVl 
cJtoSj fl J ** ^M^LilJI r j Sj 1 ""■ jl 4-ilifc U ■ tuS fjk + 11 4JLxu -iJ-^Jj 4_cjjj ^JS 

4_S_j_fljJI aIjL^j z>ifcj jlj J a .t 1 jl _ L^3ljj ^ LdLLA j-jLiJi tiilj - LaLjjJ 

4_kL3>Ji j « •"•• ^J 4Jl )S jLjaVI^ j>a^Ll JL^Ld ^A^ ^LL^kt j^J JA 4 4-ml >JI f>^^lj 

jjLjJ /4j^j3^ ^** J J ' "*' L^jLLiSLaj L^jljji /-J3 , t'ssy&& 4_lL>Ji /— B uji \_LuJ0L 3jL>>1a 
4_AjU3J (jr^ 1 -.!""* ^ **J 4J_4— >• tiJJj tjnS t )1 j i.^tljUiUl L4j| 1 ;> U^Ulj ( ^jG LcjI 
t-iJtj dJJJLl . L^J^aj 4^L>Jl 4jI$J mjI ( 41jL^J ^pjl Oilj (J-ijJ J^_a i4_uLpJl 4jaoj>Jt 

LlBLj jjSj j! 4_Lauj-ii <4_j3 ljg^a£ jl 4jjJ Loj-jlo <lIo.l^ (^^ - f L^^Wj - J"^' -^ 

i4x.LUIj 4_aCJL>JI 4_ji>JL» ^j-oL>Jl Jju^dJl ^ LLl^Lj Lc^J . La J 3 a b^° CH^J 
4jjj_iJI ^Lj-ii VI Luoj-L«aj>. <■ ff <"' jS jja 4JL4I j^J Lr^ '"' a ^ u3 JJy>l . ...^.i jl LiiBj 

jjij^i ^ 4o£.Ju>JI oJl^JLj J^juJI jL^ IjJ .4-y,,i'tVlj Li!vUJI j^ L^, s-4>iJI 

(^J^ l4 -JJ t^J ^It'n ^^ (JSJ 4_jjLj-4 4_<jIjJU^ jJLst-i j^aSu jt < . 1 y j > m ^11 IjUfc 

. .1 (^^ j^c jc ^jlnil 1 (^jJtfuaJ I <?!t Lu J mii) z 
^^iiJl r^L»JI j^i^. 3j_oj-aia O mm! 4jX.Jl>J1 4_il>JI CjLaLvViml jl x^ljJIj 

t Drug screeningVji 5 : >j| L^UiJI ^^ic l-jj^cj^ ^j^ jl 4J juV 



i^C-^l 



2^jl\ jj^> ^XX* 



gUaJI ^S^fccksdl ftjlfrll pl^aliul igb ijbUI ujIsppooAS 



<jja JLjJLjlJI 4_JLt_a p urn ^S 3>£j a Jls- " . ill aJlU AJjSJLl 4_i£. Jl>JI 4 jl^ll }llL*J3 

Mj^L 3_p. Jiij LjiU j^j (*jlc ^ ^Ul ,> 2LKA1I cJLSj . (m) SjjjVI 

jl frijjJl La5L<_u i>* -lM-JJ (CJ ^J iL^Lo SJuJLC JLj-^1 (_y^ fl^JLJI ^j1 ^jj ^^SL! 

a 

^ JuA ^ 4-xC JL>J1 4_tlJ»JLfl i \1a\ \ ^-Ju* <£l j j_A Uj^f 0' 4-lLl <— ^j < JU-I-k La 

O^ j' J^* J^ t>° *^ <i^LM jJjSu tjt JLlV 4JUJI 

Tissues ■» uljVI i-^juA ^ 5 j r,.'v ?JI L}LiJ1 \ r^/\ *v V". ..." 1 c < 
4jj_ajJI a j ^y^lj < ^ti 4 7- ,..'tij jlL>JL£ *L_t^cVl ^Lijlj engineering 

i^UJl . 4_^c jl^JI iJiJI <ya _ L^i u^l V-^ c^ 1 ^ L* L£ U J 

.J^j-iJIj (3^3^' i -^LJ^ (J^>- j-^> * ." ** ' A oj^i Wih^ Ljjjl>» ^jLa iT-^LtJL 
,^1 (j5l$JI juuo. jjjj ^ L£UJl£ ^ ^ ^l Ji Ujj! l\Lfl LiUjJ 

^jjfl JL_i_u_>Jl L^l ~*,\ Ju>2 ^^yj-uL-i-ul ds^_il» .J|j_J_flj (3^3^ tiJLtA <j^-5u (jl JL»V 
4J ao_LXI 4_iJ>iJI Lj^LskJI Ij it jjpaSj ' j S *V j A j I J^-J*JJ ' " A jj j ^"■" (jlj *4_i 1 |gSt ■ ■■ a\ 
£jjc JlSLjJI JLftJ^ *?TJ'JhJ (3-^'^J >-;'■>• 4JL>- ^-^ I fc-y»j^- Jusfc^J jjl^ t LgJLA ^j.7ij •LI 

a-AI ^^ *JUbj Sa f ^ f ^A»~t 1 Lj^L>JI fjji JJuae_4 C-jj ^J] 5^jl <t"<a L^A_>. L^jjJLjjJ 
aI in n'lVI (jrl^- t-^jjJL^ ^^jr^J iT-^LjiJI ^^B L^jj is.i V "< iiij frl 4-LiJI ("lit "w 4 Uii't 

l«j (Incomplete differentiation JjUHI 4i^Li j? LoU^ SjjLOo^. 4-ub£ 

^yJS J fcj LAjjIaj Jo "i^j /«J L^-JI L*j^ , 4_>.^Lc jljJH j iri «T1 (jjs L^J_5_Cj^j 
VI 0*L>- Laj i^JLolJ VI OfrL>- La (j^JS aJ j! 4III 3jUJL>JI 4_i£. Ju>JI Lj^L>JL 



^•^1 



2^jl\ jj^> ^XX* 



L yJA I, I ■" j -^ ail LM-^- (j^ '*-*-! "' J< ^J *' CH* ^J <_)->. La ^-1^ c-JJLlJl ( -lg 4_o_*JU 

(jrtJ 4 j -i Jc A *4_La <j *»■ "j jt 'f V. "^- •* j ' ajj *Ual_4J y^ «Jl u^A_rt_S «4_Cjj\-ll 

.4UI T M 4,-t^ ^^LkJl j>ZUI OVU ^ iiltUl u-lill b^U jLa 
.4jx^Lc jljj La j-uac (Ji*l-i (_jJj t>-*^> D 1 ^ J^ J' (J^ jua '-P SljlS" Ajielmj _ 

. LoLoj jJmall Iflojjuo J-5A-*JI ^ 4^^Vii,,U 4o£, Ju>Jl 4oiiJl Q^S (jl .^ 

Ijlaj '^J>^il 4wo^Lu» r>L*J1 ^ 4^o,v ViinU 4jr j ?JI 4 jl^H jjij (jf _Y 
^3 1 j* A fj A ^ *"tlj 1^" ^tt « a a j ^ j <j 4 1 4,^ Jjjua-^Jil 4_2jjJLd 4JjXfl J^uuij 
OLLuaJI Laj «(" i ji'i i nt I ^_B Lj^JkJI <?J_A> 4j j j i*n La 4£^jua t. < *r\ LaS tj ^U 

j^juaJI 4^jj j! Toxicity Testing 4 j^ mil 4^j^ 4-Aj^JL ^L^VI ^ 

(WO) , . vn , ^ 

4_jiiJl ^JLA Lj^-^J^-ljlj 4-j.alSJlj 4_jaLJI 4_fljjJLI uaj 4j( ^^^ Jl ^^j _ 



^•^l 



>oj}M j^^^J^- 



gUaJI i-i fcockaJI &4UJI pl^aoiul ,j £jb\jl t-u'9? (ooaAS 



HSCS. f JlU 4 tnMI 4^CJU>JI L!>UJI Jl* . 1 lu y\\ ^ 4JJUI 4 r ,„'&1 

4_ucjl^JI U>UJI ,JI 2LaUdVL Ijla Fetal stem cell. Lcj_^J ^ \ . ^ ^ 

*» ft •* ^^ C- f ft ^ ft * — ^. • 

L>L_^Ji fjj> j ^jj ^1 ^Embryonic germ cells 4__LL^>JI 5 j ^j^JI 
<jU»>-^*4>* 5 j ; j : r n 4-^L^j mil LjM^JI ^ (gonads J,..; I,L* 4 j ^j^JI 
2Uu_Jaj 2uaLo ^jjJ ^i juV j^SJa (jjiJ jjLuall * jla t Teratomas 5 m^^II 

: jijIl>>LJI k try m edJjJ ijJU-ali 1 JlA <L%ju3j O^Lu LgJ j * •** ^i jLlIcVI 
(j^a - 4_j£. Jl>J| L^LiJl jJ^-^Q - jJLuall ^1>. ^ J^QJJ CjIjI m^I *1>>-Lj _ 

I43IJ <j>JLl!I iiiiJIj Hepatocyte stem cell 4jjli£JI 5u£.jl>JI 4ji^lL> 

Sj_lc <u ugxj •**« aj t<UU U^— *• y j ' ^j Host JjLjJI 4 A"*. LJ J ^jj "1 V) Jj JkjG 

4jjLjjJI 7t 1 n ( I i ^j^J^Lo ^j Ij lu^dj uiiljU 4 V 1 nlj t L^jl mi^iI J.Q-1J 4lx>OJ 'j-#^J 

SbLuftll 4_l^^>JI 2LiliJ| JU J^D o^ *^i (4-i^j^^iJI J^ j! 4jjLjjJI j! 
7t-Lua3 (jJ » jUILj tr-^^-JtiJ L^al, V Vi i nl Jjj {j^A\ * LaLjJ < il4 ^B j <i" r u a qm^j^oj 

juxjj 4JLa ^jJI j^-oJI 1 fri* ^1 Pedigree ^..m'iII 5j^- JJ J_*L^ (*^j-5j - 

4_j_»l Jl>JI 4^L>JI ^JlA ^jl (j^ic: <—bj^jJI t 4_ljL*Ji jl c. — LJ I ^j ^- ■"■ (fljj Ii*>j 4_v*iijJ 



^•^1 



^°J^' JJ^^^^° 



*ljdLj uLn^ ^jJaj^_4 LijJ-J N ' 1 a .4J-JJU4 4j inj^a 4_)L>. ^^uJ 4 j i nbuo 05^ 

(j^-S-J JLdlS . t,gjS cnll ftljJ ^IjUX ^Jjlj 4jjJ (]^-i^>- (^ ^( ^j ^ Sfc •" (j-* - (JjuL^ju 
l? J9 *■ . ..j , .. t a \ q °K \^ 4 LgjLo (j-fiULJ jl 3jJ9L1o Jj^Ij... iVI /^jaSlj «Lu^L>JI oLi-O-JI 

•* — _f * ****** «B 

. Lflllcj ' ; * j La ^ 
Alfa -U^j J 1 '» - 1— ail u i mij (_>^LS- jry*. ^ < ^ z£J\ ^a juV : Jl "< ^ 

jLjjL-tia *oj". m<jLi (j-oji j£Ljdl jjdkH t>^ Jjj^' ltj^J' jA3 Synuclein 
Neuronal Progenitor cells *-JjVl 4j nmll U>UJ! ^ ^JaLLJl u^l I juk 

li^Is U£ j j...:^ !. jLa 3LJ>L*:VI ajn^ttl o^l^Vl jr>U ^Js Lj^UJI 

nrvn , - 



JL^ ' ^j^t^ {Jl^J 4-Jfc_MJ CjjL=U (jl 4 ^J j 1 tJl J j."^j iC-«S^_4 ^JL>- 4j3c_x1j Cj JLJC-J 

J^SLj Jj-CJ (_3^-C (jl (j^-*- LjLj-3-.Ij ) JUu <-3j-»J (C-t (jrt--«-« U^ t>* lP' ^-^ 
4 JS !"> ^yJ3 jJ^J 4 ^ w ^ J ^ ->J1 uj 1 11 1 1 4_yic- wflj-3j|Jlj ^JLjJLj>u^ 4 i^> j V 1*1" 
(jui-J cdJjJ .4jLili a 1 S > ^ ^^ Jj j^LLaVl ^jLc aX^lm r tltl A 4 jU r .j^_>-^l 



^•^1 



>oj}M j^^^J^- 



gUaJI ^flloclaJIftialaJI pl^JOuil ^ &I&U\ i-ulsppuu 



(jja 4-a, V V" in 1 1 4 j r Jl^>JI L>UiJi ^jii 7. ^ Ltoj-jw^ J n " -sit 4_ijljjJI 

.(^oj^JLI r^Lc, 4jlnr (Jjaj a^ ^^l 

t LJj-Ti t^jtr UBjIaoXIj -AJj-uitl JUlgjUl ^^ujUIIj ujUtw»<jI» 2US$jJMJ 

u>L^w j I ^"j ^-V 4_Lj_t_a Cil * l&\ a ^ t . * 1 i » a ^jj d *A «\ , ,JI Jl a ,v> All ^3 Lij^SJ 
f "- j m i ■!**■ u^L>JI aJufe jjlj iSjJLae-a lZj La_i-o I j^qj 4 *J^. A (jJbLol jjja 4 'u • A 4_i-CJL>. 

Jt -w 3j£L3 Cj,vL_». L*A (j-aj • ljL-X->. (j.ujjJL-4 Lj*M— >• (.LaS. jj^a 4jj-^JI 4_ajJji_a 

^^ t 4j^iUI ^^IJ! olj-i^t^ 4-^ ^ IjlSj ( 2uoj^U( 4^laiJI ^LaUb)/! 

. <L-CJL>JI 4jJitiJ 4_lLo^?I u^jI^j^JI ^yic 3jUjiriJlj 

1 '.tx^Vj (L^jlju 5 1 ^" ... a SjCj^l ' f j \ Sj-w^ 4-iiC j -n 1 1 4jL>J1 ^j Ujiaj Ijlj 

LJjjiftJ I JL^ i<"rj i*i i nil ^^3 JjLftlJIj a! inrt'l^lj 4jj|j ft" ,„VI ^^Ll L$JjJL*La aJLC 

^«-uL*iII ^jx. i V i*Ii**i l^jU 'w t^ljjJI 1 $**■ flU^j ^yJS j j tl J^ La 1 u ni tiJu-A JjLj 
^j-^-3 i^^LtJI ^^Ja L^jQi iVn n't V i *1 1 ge j ljufcj t L4J LLj 1 ■■ a 4_C^4-udjJLI 43j^_tJLI 

JuV LiUjJ .r-*>ljJl ^ 5 a t^" ,,.11 4-i£.Jl>J1 *LAiJ| t_*3^a-tajj 3«iLd!? ^ jh$j J£ 
L^juajLuaJ>- j^yic J«a^LaE_i (jl ^yi-t. ^ i/^jj^>. Q^-i (jl Jj '^^ A IJUb (J---J-I ijIiSjj 

.(JjLi-i/jJI^ jij^L^it JSLj L^j j j o*"m (^yjJt 



^•^1 



^>j^\ jj^^XX* 



A. .r- VT»ll'ft. -l-»ll 



j ft ,k> Ji.jG >"..r«..,U ^3 i-^i^>JI L>LiJL) au.^n 4^ Jl t-ijjJiJ! J£ <ji 

^jlj jLc. jl Jry*- in^Vl jLc. )1 u '^ . 4j j 1 U 1 1 (jji^LaJUj 5 A jt I j^mi ^jla 

j^o J>vUl Serum ^jj mil jt Jjuall Jl* .SujiaiJI c^lL-JH cjLj^SLo alM&j 
(BSE) Bovine Spongiform Encephalopathy j 5_JI o>^ c^j * 0* 

aJ Vim U _ jLijVl 6 JUb J-uqj« (jf £>* oStlJI £>* JLiV tliljj '.jUjVI (_^ A^i^ 6 
Lj^L>- ^Lsl>iJJ <JSLj < i i i ii j 4J1 '"-;" ^JJI i^bjJLi Ijufc (j-d jiifcj - '"';" uA,\ (^Jb 

A 1 Vl ml 4Jt>. I inji .T'^LjlII 4 jlfl r 4_4^L_*_u ^j fl I^Vl lLIJJLJJ (£C_ll 4 7*r i r,iUj 

^a j^lii (jl <r ,7-j ^MjJI ^ Neural stem cell 4j m^iII 4_uc jl>JI LiUJI 

JjJJ'J'kLJI (J-4-*J f-dJj (J3- V . I 5-xIl (jj % iy ^pDj-l 4_j_L_*-aJLI (JjoljjJI ^jjfl J) I V L^-l» 
L>^ -J-*-^ U>^ CH^A ^^ ti>^' J '>^ tiW jL^ 1 ft>f" Jl. *.i" l ft l (^ 

Chengcheng Zhang £jlj jjLui juwj u£ulj i<j*« ^j >^1 <-uUJI ^l^j 
Jn mi ) jl_^^j ^ 3 j II (jj) i^l (jjiojjJl iii i ii 1,1 Prion (PrP) fj^jj— jJI drOj^j (jl 

^ | , „ _uj |jjj <-■«■« b <ulj *( ' AjJj i-JjSHI 4 j r JL^JI 4_iL>Jl ^ w * j ; ^ 

CjU 4j_iij_p»- CjUj^v ,a 4j ^JlII i".j ■" i m (jLB Loj_4^J . SLxjkJI Ju_3 ^ l^jLoj 

. Ait ifau LoS 4j3 *_j $£-j-& J-±£- (* J^-J I 

^^/^.itiji^.'t JlijL-UoIjJIji ^^y^t-j^^nAi r ji.i,-r,..i y 

: Mouse embryonic fibroblast feeder cells — ;*"-^ 

a^IjJI (_y^J * Lj!M->JI ALuiJfibl^ J-4-U 4-l*dLJnJ1 oL>>Lljj>. 2I ■ ^ ^ > 4j Caj *" "■ ■* 
4 jl-^U ^1.1 Vt inL SLuaLiJI jjLaVl ujUlj^l ^ Sjln V fjb\ jjk C^j-u ..ilLJ3 
jLjlJL^I (jr ^ \ q *\.\ *~ "A ^jS I <rwl ,j^Jj tJai-b 7-^LtJI ^^ ^j-j 1 t4-j_aJu>Jl 
4 y 1 ii'i VI 4_cllj-d (_yS 1 j ^1 1 ^ " ...t ^3 \ uajlj < i |3g 1 a ^ a 3jljJl_?JI 4j^jVI 
t 4_i^La» 4 ju ilhl 4_jilJ-j>JI Lj*M^nJI / "- '*"■■' A ^*3 CjLJjSLoUj <4_jj_l>J| ^ uij *j*^ * 

Feeder cells4_jjJLiJI J-aljj bM^ jt 4 « nlU jLiJI LM^. oL^LLI *ju* ^j 
Leukemia Inhibitory FactorLx^i^iJI . U J; a J^Lc ^ o , ,."t S^Le jjJu ^1 
. jjU-oJLj L4J ^ o 1 n" V I $ 1^ t ^ 4jr j -*.TI L^L>JI ^LubdJLi gro m'i ^pJI ^(LIF) 



^•^1 



>oj^l j^^^J^- 



'.Xenotransplantation ^Lu^VI ,J& 4_^»l^_>. 4 7- -'»' flj->jLi t-a^ju L* ^ 

^ ^to« H 

to 

jj MiKiiMg 4j^>j 4j^_j_jJI 4 jin ~ll Geron ^j j ^ 2L£j— i ljub «^j 

Basement membrane^LLiJI *j'-*^ j\ LjM^JI jjlj* j*j La j!j>j i2jLj$SL4 
Ijjl^jj , jLAJI /ys 4jjJLLl LMjJi ^ Mj-l> '"<.'i" '"U ^ (^^"i ■ ■■" matrix 

L^JjjJdu i k ^""*- I cJljLa t4_jij_L>JI 4_lCJL>JI ^jL-uj^I Lj^>L*w ^j| L^a I JL3tL-u I JUC 

.IijJH! 3,;,;^ti /UJ! L}U c->Li: 

to m *m « -^ to ■ to 



1 I f i I II 



(M^jJiJI j j t "m aJ ^ "< o a . 5jl" <j a «jLu j^^ I ^ I * n ^j iLaminin t^Ju^a^UI 
^ c^ijj ^pJI L>UJI (jl L*^ .<:..r.,„ll ^> 4^lju>JI L>UJ! ^U J^Io ^j 

J TV ^ ^pJI JSISJI JU^ ^ Jl 

Cell morphology ^-JU^ 1 ^y^J>*- 

^^-iiiJL (j-uJ-I I A Aj . 4_j_S ' »j ^j 1 1 pjJJl L^-J1 qjz t <*! "tlj j I "nM 4_La_uji^j 
^jL«1j 4j^jj^_>JIj 4_l1j_L>JI 4_tCJL>Jl 4j^_iL_JI L^L>JI ^jl Lbalg I JlJ9 V J'"J^ 
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>oj^l j^^^J^- 



'A>jr\?H'ftjlTill 

.L^UJI <>. £p ^La ^juC3 ^Ul SUniU! LMiJ! ^1 ^ja> ^1 U^> J£ 

j * flJ jjl 4J>jjUi 4_j_ju=>1_>. JjjjJo iJ"^ W^ c^ 4 " 1 ^M' 1—4^ i4jua Ol_jLu jf 4_oJs 
LaLo-i ^jLjLc u5L>JI ^j^a ,>->■! f.3- 1 (jr^! J J *** "" uli 4 j <j 1 *»« n 4-jJL.AaJI Jj JL3J1 

liftir ^j j^i icr JjVi a_,n; r n J^i^ii ^ 0L1: <ia ^i ^...mi L^ ^i 

4a fla 4_>j 1 m LojjV * J^ ■"■" j^B j^xVI ^jJajLjJl *-a I <j '""■*' ** j» uiXa —jj\^CA\ 
. ' Laj 1 1 n a JUJu>oa. L^L>JI L-ijjJu ^y^ J (j >* U Oj>u £^a 4jJJ (j^oj-J L« 

Cell surface antigens 2uii^t ^ C*i:u>Jtiji GU^ij - 

jl j j j <i "< \ \£j^>\ ijjio 4-4J cdJjJ i^ ri^j V tfJLxj 1 *j ^ la a j 4_A»J1 JfLili 
^ 4 jl^ll *JLA tjt i> J-^t^il j( -J ;"■ ^ n ^£ LujJ (PJI L>LiJI lJu; ill 
(ji£, JjL* ^jVI <jl Lil£ I jlj . La^i£. JjJ ^ £^1*1) Sbailm fjr&j l^j'q uj$£jJU 
4 *.r > J l (jr ^_3 *4JL>J1 (^yic JjU 4^a_~ilaJl ijlfl *J-J-*JI (ji^ JjL> J-^lj >tH^' 
41^.^-a jJSJ 3j _ua aj <UaLx 4 a mi (jr A <Jj *Lj^LJhJI ^jja pjj (J^J ^^ 4_c.sL>Jl 

j^-iVil j! 4 a mlj J*-^3 HSCS ^ajdJ 4 t i.nll 4 ir J »JI Lj^L^JI : JLLa 
jl Ula IjLfl .4 a inl^Jl tfJUb ^j-^-i Lj^Lv J a--*o <j? ^£LaJ V *CD34 ^o an 
^jjj ^JlII 4_a— i-uljJI <? LA ^ j "■" CjL_a-Mjlj 1 tiajf J^a-^o cl ua-j Jl AjJt Lj^Ll>- 
< M-,V> ^jVl <JL>JI ^ 4_c->i>]i o^ '^ 4ti.nl! 4^cJl>JI b>UJi jJfl-uil 
4 m mill 4 jf JljJI Lj>LiJl jjl i rrijt LIS Ijlj .SjUJLC 4^xjl ^ 4_uLill ^ 
4_t^L>Jl CD34 4 o i iilj ^juc ' d b -*■** t^&j^jj # ,Ull j a ti^j ^jloLx CjLa-i-iilj J-a^*o 
^ Ah 4. ^ 4—4— j-ulj J-4— >u y "' a w ^ ' a iAjlI 4— *-Lt-eaJLl 4 j C j »JI IjM A>tl> 
^S Nogglll a . Hi 4 a cylj >\jLa Jo Vt oLtj j .n ttl Lj>L^j CD 1 33 u <i , „" 
^ j > j ■ ' ^ * 1 1 u^L^JI Jja^o La-lj-> ^ j > ia "^«" u^L^Jl ^Lp^ (j-a 4_LuLa a^a-i 4l>. \-a 

i ^ j 1^11 ^^aLuJl (Jj^ij-^a ^j^a ^j^l 4_L>^— a ^^5 NF ^ o i rn 4 a_ijjlj 1 j i n <i i 

aj j^a£. J£ ,j\J* <4 jf 'I'sll ^_i£. (j^-^ 4a£. JLj>JI LMiJI f I^JI J-J-a^ (_y3 laSLAj 
tf^j-4-i Li-bjl tj£l$ Qj-*^ £)£• '^^ a U-" 1 ^ 0J&** cr^ 43La-i-«ljj 4j1 a u<j 4jLa^Lc 
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2^jl\ jj^> ^XX* 



gUaJl r-ift^cJjJllLdaJI p\±j£Ltu\ i^a q[dU\ (-ulgppuu 



Biochemical Markers 2ujj^>*j£ JjU^Ij- 

L}L>. )lifl'^ .4 -r .n'tVl ^j-a jl L>L>Jl ^ £jj J£J 5j-j.<i-a o^3 ^ ji^JI 

Sj.-laII Neurotransmitters 0> . i^ili J-^>H j>^3 Nerve cells l_jI,^SH 
Gene expression & cell type 2LdgJi ^>jj ^y^Jt j j j «~tJ - 

4_ui£Laj *j. " a ^£ 1 jg*^ j j «j i4_j 4_udL>. Cil L -^ 4j L^^La]! tj-* fj-s (Jj 

J! 

<?„'tA - ljL_J_£_JLJ j 1 S Ij (j-Sjl J_>k (jjJj 4_aJ_iJI j J l^i "^ ^_aj f-^J-J 4^ coL-9*JI 

i^&$ • LA j j r j (Jl ir^'tVI »^jljLjiiJj 7c »" ill (J^alj t^ 4 * j * A 4_jjjjj^_» -i'j-^a 

^^^ I^J_aj >^M— c VLi CjL.4 t-ulj 3jj i^-> j^yi 4 j-L>J1 (J^Li jl ^^y^^Jj-Jajj-^a 

4_oL>Jl j-j-jfl-i L^j 4 j -v.jL>.j 4_lL>.1^ -il^o LjjjJ Oj^i c*^ tl^J 1 1 a ^U 1 ill 

i t\ in 1 1, \ j *v. L^J (J t**l ^JiJjJ nit VI Cj' m "W jjl V ^1 (j-wljjS ijll u^L>- 

L yJB J 4 t~ V _ t-_ajj-»JLlj jju>JU^ tlr^-«-H * .^ " **' ^ Cjlj _ I ^ - ■ aj tijLi_i_>Ji 

pi t , ,,,'4 l.^LAj IUj^j MiL^^ai jl yiUi L^U. jt UrU^jJI L?^Lk 
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>oj^l J^^^J^- 



'L .-v-iiri -i^n 



Transcriptional factors ^jcrxyiSuliJ^g^tftJ^^ 

iluaAla Exons cjLjjj^-* j^JJ ^n,^ J^a (jjo Luix. U£ u*->JL^ )SL>LkJI 
t>j-uoj_^aj(^£ jj^a j-j-^i (Jj-^ j' u * .' trt ^ (JJ-^ Introns diLj^Ii-ju 1 ^ ,u *; <j>£. 

JfL> ( j-oL^>Jl ?c i uJjl J_aij_£, jl JaLc j-Aj - T"\ "' all J J fl aJ> S LaL«w - i-Aj-i_£. 

CA\\ -y\\ *_aVI cdllA jl Jj <tnn 3 I Jufc (j-u-fJ - LoLaj 4J* U^-LLa OL^? ^ *>^ 
t— 3^ju ^"i % <jrO* J£J 7-Llall 4jujoj J-iiiJl < ^J I JJ J4-4-u_J-) O^JI <jy j9 ?c ' u 2 JJ3 
( J*aJUIj rt j In m 1 1 4JilaJLA fua fy*! !LaJ>U ?c ■ olll J_4l_C J 36 "m (jrt_5t_3 -^j^ J£ p^l-J 
< 4 <i j fo^J I a3 (j-*J ' LJ^JJ J^L>Ji (jOJjLaj^LJ! ^Oi^jjJI (J^Li (^ j J «3 ^iJLjcJ 
jt-iJu aj (j-^J - lLLjI^JI *Lh^ Jou^>- - LJJul t- < J \^H (J^-*-*** lt^ ^ .!*" *—- JhjLstJ . f*-* tLw*3 
4 j'.wi 1 *^ uJul ?cJLoj 4jl Lub 4 a j la j I If * \ g ■ ■ ■■ ^ 4_a_9 » a i% ■ ^ ja_to-2^4 , ^ jtAj 
J^jjijJ! LJijJl JlLj t<Jo2J9 <■ * j LLa U (j-i^-H L^j-L: jjjill jjloLLlI ^^ (j\j-±i^jl>J\ 

Jl 

Jjjaj 1 J -JX J-4 ^"^ ^jJ^-~al\ 7r imiTI (JjflLc Jj^-JJ i4_jU3L>- 4 J'J"^ (J-4-C ^ aj\X*,a 

a2 3^33 *0^\ ^4^ ^*-* cr^' 4jjq mII jl 4j^ajl1! 4i^jJLI ^c U-^La J^ (JjbJ i**^- 
L4-4 i4jt_j_5ej-iaJlj 4 -i3e uaJl 4_al>Ji 4JL>. w ^ _ (jriJiP*. LJ I JUC . Jju A-i^>-J >J r. j? 

Karyotype analysis 2u^ j^ji ^ui^JJ ^!>iN da^JJt l ^*>*is - 

Jj t JJLail (jJX. *J - ^" , ^ d vjJJj (jJAfJj .^Luciij Vj 4_j^ 5jLj V LLiIj L^jIj 03^ 

CjljLi *£juj^j*£j£ (Ji 03^ o' < .'Tj'^ '^ '"^ 1 cr^ J^^* 3~ a 3J^ ' ' ,'Jy^' lj^I ^'-* t **'J 
^jja 4 tU^ yjj—A (Jjj 5i-3 .t2jlJ_j_j>JI (jpa w * j jJa H JJljJ! Jo ^j a m ^j-lJI 



l£>-$\ 



2^jl\ jj^> ^XX* 



gllmJI ^ WlaJI "i-UiJI pl^aXuil ^ cjlo'UI t-ul^p^iaS 



tOLu-_>. ^j-4 L^j La ' ^1 i >*" «j jj^aj O a c 1 uali JL*3 ^« ■ uaJ I , .'^ La 4_SlajLo 
w * j uajl <_y*9 4_j>*jJ ^ A * i'iii "II JL*3 /- * ' uaJ I ^j-* L* 4 ^U'^ j^j-J Vl L_<jsejj 

L j3 <LLlji * • Irt^ (j^j <**ij -w t A V_iLlj t^j-) 2 I c-i-sejj " -j ^j uJl «_a L_j_i_ul_tjrfl 

pi j i i .nil ^u-w jj-^i (jL Karyotype ^IjJJI Ja^HI 4-lJjjl> <-dJj ^uj 
, L^_LLnjj 1 d"i ii'ljJLt ^ Ji'i rfu Metaphase - tj " - -Vi j^L ^ ^^j 1_LoL«I 

JLlLa t<L4«CJu>JI Lj^L>JI Cil a '^**J *J 4j^Jb U JUcJlI 2jUJ-£. oLfUaj ijJLLAj 

udJaS^j i^rlUtl i |M .i-w <jy>* J£ <JL>. l^j ^ymJu u ^l\ DNA Microarray *-dJ j 
LfUj^j «PCR J.«l..-M Sj^JLJI J^U3j *DNA sequencer Lijdl 2I...L., j^ 
< /n^j »jU"i i.i't l£U juj . 4-Llaj o^ l>^ j ,i«U protein Profile <jrGj^_iJi jj^a 

activity stem cells 

L^jLAju^j tgjlj-jj*-*^ PT^-^ 5jLt-ll 4_j_C JL>JI 4-A^Jl 4_i_aLo ^jjq JLMJlil JLu 

4Jufe J-A J-Aj 4_La JL_Sl_jJ! < . i y j ^ a jjj ^^p^j t Ljbj— S j jjl uJI OJj U^tt 

V 4UU ^>L^ l^it f 5 4ixU 4la^ 4al^ ^A Ja SJ^US V jl Jaju L»>UJi 

jj-uLj-oJI a.lVi ihJ >L!LqJ3 t4_juCJU>JI 4_iL>J! J0L4U JljJl^o Jji JL>V LlUJJ 

Bioassayj «-a>«j La 4lni..i^j ^iiJjj t 4 j.»U;<",iti JJiUj^jV j3^ LM^ (jJJ 

y Ai ^l^j^ L>U 
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2^jl\ jj^> ^XX* 



^irV^M'^-ilaJI 



jLoJI J!L4 ujjL>*j ^jlj jj>. ^1 Vj! L$la u tilljj JU-ul>J1 L? J-C 2baLiJI i J "■ A N "• 

. L^ jljll ^>UJI u^j^ 1 ^^ ^ j^ 1 L^UJI o' - 

^ It. . 

4 U 1 ..I^j tgJUJLI ynn'ill (^ 4j»JLlU 4j£. JU>JI L>UJI ^LaJbl 4jUr j-oj - 
^j" *""JJ j' 4 (iinV r lj <^A^ 4_jjljj>jjj CjI 1 i ui^j 4_j_*1JL^JI L^L>JI ^JA m j 1 tl 

^ gJUJLI j>i>i «-H ^j,„'i ^y3 l&Ac l^j^iJI ii^Green fluorescent protein 

jl 1 <Y>J >t ( _ ? S (j'ii njij^loJl j-^>JLI tl< >i y Jin iti Ijub (_)-a5t-fl jj^-to ^C *jLiJl 
4jLua)M dJiJL^l) LjJL-l^ }LLj3 ^Uj IjLSs ^ht'i I nn^ uill jj . UjL^Ji V 

Hepatocyte precursor 4_J$f 4jju£ LMi- (U>jju jt 4jjU^ jIj^ SU.J^j 
jlv (jjl _ JSLAi J^ju j.<H ^>jl^ jj^utij <ji <.'TJ ' fiN (-iulibj (jU cells 

L^jLL^I JUlj 4-^eJ j^'"^ ^l-V 4-tt tn{\ {j\j LaJl cIjVLv ^Ja IjSLaj . Uj-^w _ La 

j^^j (jj'i.n a j^SLj <jf Islet progenitors ^jj^-^JI ^L^SLiJl jjjv L>L^ 

' ^J-SJ t4^.^Lc -iljJ p- JftJ lA*- a U^-* lt^ ^ * T J ^ ^ ^ 4-^cJu>Ji L5A_>J! • j" 
j ^ "■ - -" ^j-^l (jiLal ^Jl . 4jjJL3* ^^ia t_ijjLj^a J-^ J^ ' >^J - J^"^^ LJLj^>-' 

am 

3 \ ^...SH 2LjL^Vl Lj>UJI ^^ < n|-,Vi L>UkJI ^ ^1 ^JJ >jUI3 ^ , Uj 

. ^jiaj^JJ 5jjj5> 4 K i"i a '■ 'j i "J lJUkj Cjj^kLA 4jJ] ^JJI j)irit )l 

. j^Vl <^.jl>J1 L^UJIj 4 <*o^U! SLifij^Jl L ? >L^JI i 

ciiljj^jLaUl iUl^^ iUcI^J! L>UJI jru^JUJI ^SuL^flVl f unit - 
. 4_a3ljJLd J.-J-C 4 a Li "- A 4_£,L^ jj _ jL£ ^j^ *tj 1 "i ojt A t4^.LiXl r* j j a " ^ - 

^yic 5jj— Ul l_^J L^i iJI i> jub tjl— a 4^ mii ^ j ' j ' >■ 4_4__c j >. L>1 stj 

.Teratomas oi^o 



l£>-$\ 



2^jl\ jj^> ^XX* 



\b ■* ** 



_ Jj-jLsj tj^-" J 4 * +j ^"' ~~ : T1 **-5j>j9j Montini E w L ~*>j * ^^-j 

4_l-c JU>JI 4_lUJI fj m -w JiJ_> Jri^JI j-MjI 4 jU r <j5 LJ^laek> 0>^u 

ulUjj Oncogenes 4_l*jjJI i^LL^JI Jj « .Vi < . i , u3 <^jlL! 4-LJiUU 4JJLJI 
Retroviruses 4-i£.L>^j^1 ^Luj^LiJI <jf w '^~'*j^ jl>.j . 4-^j^JI kJJ»J\ 

^jsjlj (j^>- 1 i rt j i n V i4_j-CJLj>JI 4_lL>JI ^^^ (jLkj i nil jl j to] jj^o fj » n*i 
. 4_j_«j^JI i—>l *m ->*TI ^ySj 4_iL>JI aL-u_fl_jl SjjJu 4_u»L>. CjI m •*■ (J/u t-Mj^tI 

JSf Lajl^^j Lentviruses 4 j ,„jlaJI ol -jj j* T< ^ cdJj a-^j *J 1 on; 

4_l£.JL>JI 4-iLkJI ^ jjllaj mil lLIjU^V _ JsLi£ I fl * J ^" --I tjri3- - }Lxji 

5 J^tl 4-^ljj <>c aL-j^qjb t J23 V JsLUI ^L^JjjLja I jl .j»jlU 5 gUr AULI 

. (TA0) £JUJLI l^JL aia^U A^iJL^JI 

(^JS JUJ -■ slj — Jl 4_j_je_uaj t*Uj ^1 t^yiajjJLI ^ ajlU 4_Ul1JU 4 j r 'l y\\ 
I JLA ^1 Ij-J-^JJ ij-t-b-jJJ ^^Ajt^JI JM "t-^VL) t-J^ t tnll J 4j^-j4JlJI 4-j_C.jV1 

w i ■ ■■_» ^l^j a 1 1 1 V"< mi I ^yia jjLj J^kJIj *oL <-Bjil 4 > i ii i ^^.b f L^jjl (jy JI l^-^J^ 

4JjLuj ^jJI Anti-thrombin III (AT-III) r _ u^xj^iJ jl .UU.II il^** 

j 

^.I^J Luajl ^^-Ia-C.1 I <i^ ,^ ' CjLjJjJI v> c J^ aj ^J 3 j * >^J! 5 i mi'i oi^ 

L5Lx <-JJ cJ2j (_>^j>I Micafungin jr^uLalSLi a w - - -j oLjU All jL^a 
m;I ^^aj^II (^ Jt- ..." aJj Neutropenia ^ ^>L*U *^jdJ ilALa 4irU 

r^L^JI j^i 5.;h^tl t^l^jL Lj_c Ju>J I 4_iL>JI ^1 i ^" ...I 3 jUt*^ I j< aj 

4alflVl CjI^Ij^VI jj^a JuJLtJI ^1 rll^oj -^l^j uj Caj-ujJj 5 J At a 4jUf ^^A 
^•j uaJI 4-ajLAJ1 aLjjI ^^^1" c_fi^_i_uj sJ^JJ ^ t ... ^ L^JL^jl JuLc 4_jjl_BjJ!j 

,JU>J1 4-iLkiJ ^rLuj^Jl ^IjV'.hVI A-lJouT Jaj^J ^1 CjUIA'II (>a j u<1l 



w ;l^ cJul^ J^ .Jl l.ij-w lLIjJu Jl UJ JL>Vj 5 U j . .. >j 51^,,, 4-Aor r>L«JI ^ 



l£>-$\ 



2^jl\ jj^> ^XX* 



r&ujfui 



Cj^oS i *m ^ 4JJ1 LlJ \ $ nih J 4 j >V*> 3^jar ta j^a jl ;*-3»JJ (_y£ ^-A Jj 'J-f-p ' J.'*"* 

1JL4X Lgj III <j-u-jJ Lg-La 3jL»JLj>. P IjjI < " 1 ae " > J ^palj^ajl t Z 1 4 3 LflJ J f LjwjjI 

. jjj Mill L^ldoj ^jJ3 jJ-aIjS* jjjq LJ ^juiuJ^ 




^•^1 



^OJ*! JJ^Ju^ 



M 




r«*M 






4_L<a aJ — n " Uj 4 — «L_C /oJl til Jj-> f j o "*■ 
p-j_4jb ULi fcjjJu (jlj LfO-lftJl a_ujLj wJiljJl l-o_j^j 

'/I (jix L^^Jj^-tHj 4jjUI <L_ij3 Oj mi"*) I 

LL4— J— Sj UJj_>.j i '^ 4_3e_L_u? _ ^ j g j >« m 

^Uni 3^ U^^y^ 4-A^^-J-u ^LjJLlJ *LS^L^Ij ..r.^.M^ ^« ^,la i:.,-j. 




^•^1 



^J'l JJ^^^^° 



'L .i-v-ur^ .i-^ii 






tjl LU juV 2Lj£.Jlj>JI 2uL>JI ^ys JjL=e-iVl <LLud1j^ "L^jLtja l-^j-^u SlajjIj 

. JUJUi jl nVi^.1 (_yJ9 ^>^"' 5j-a 4-i^laJI Jj-aJ 
i jrU_>J1 ^ nh'w ^ 4 in t^Viil Lj^LkJl tid\ *Lia£.j ^^l^. 4-^LjJI SjJlLtl LgJjJ 
^jlj j >• kjz 4j^xjI 4jJ!=ujj jLjo! (j^o *L*. Cru^* ^u^ OS^i (!>' ^^ j*^-^ *'*\?^J 

*i_^Ju>JI 4_AiKJL^ .j>i^l 4-l^Ju>J1 UvUJI £* tj^j -5y f y, r tl < Jf j.^tl 

j ! t *"r j Lo ^^3 L>- i " nil J^jJl j-J-^tj J^J^I t>« CJ-^J t3jL3t_jJLl oLVjJI ^ySj 

u-u 4 - • fl-i c^jil ^^ 4 I^Ll )4 xLtL>JI 4_lx.jl_>JI 4_jJL>JI ^Ic Jj .^ ^tl 

- ^Ij^oVl Jja ^l!^ ^>Lc ^ <±c Ju*JI L^Lkll ^ tfj.^jUj "U-fl^lll jjLlUI 

Jl inllj U-J-SJIj j^i 111 *1 j^^j-^a 4^-t-al_>- _ 5—iijl Mill J j irt nil (^Ja Lulj L_4-^ 

. SjJLajNJij 4-iirf^.mTu nil ^ j j ■ <a * 1 1 ^psl^a V! ^j-A L4Jfc>aC a (j§oiu3uAa ijj ' " '. J .'^ 



^•^1 



^>j^\ jj^^XX* 



. Jf^intl I jufc j^-l (^ pit j 1 11 Ls£ 4 K,i".J, I Jl^J JjJL^J 



£>£. LjoLcJ ' '"* 1" ^ J 3^^ ^jJLjJuj ijl y ^*-x\ 4_ij_jjI lj£J (CJ>.jJ1 77jL>. 
j^C Li^L^-^J £>£j (J 4jl 1 «£ i4_l_L^JIj 4_tlJI 4l>oL£ u .1 ri 'i U Ji£ 



(jr JA^ 



4_L-al^Jlil L^L>J1 4j-Lj r* j La >uj « 4 ge 1 r» 1 j 4-L^L^ g 1 »>>^ I o-"^J ^ Ijl^ 1^M^>* 






j^^-dJl 1 in . LjjLaIj 4 ua-^_>J. 1 Ijux 3j S j 1, 1 4_L>- 2 1 ^j-4 1 jj^ UJ I ' ^* "**J 

^ oLa c L^jj L-4^ ijLjj^?l • ^i ^ ^^fl jj_>.jJ1 4JLiDlj^a (jJa (3^1 ^j ^j-^ 

Lijlia-j^_jj 5 <^ a Vl SjljcJUI oLVjJI LaVjIj 5^ j-l£ ^jLojil^. tjl JL_u 
^-B (jlil Sfcjjfl 4J irOi^-CJ ?c ^ i uJ Oljlj— 3 CjjJL-mo) aj S-lll «JLjl11 Jj-i ^^ *.'J 

. 1 fl(j 'J'> (Ih 3 4jA JLs*J1 
^j-A 1 J jig J'^ >■ JLB 4_joj_L>J! 



*Cr 



LXJ-LaJl (J<lTfcJl qj* Cj-mjjJj q^ '^ 



^•^1 



>oj^l J^^^J^- 



r.iMjlj 4^ajLfl 4-LkI Jjj Cj*Lk JL9 4jm;>JI 4-lCJljJI L>L>Jl j^SLl (j I _V 

Lr -3 ij"^jj «-»JUj\jO *l jJI (j^ c_ii V "wj i V hi ^j-lj aLjVI ^ tsu <v tj 

JL_>JI 4 Ji^tl £ jr J3 '*•■-*■ aU jlitll (j-LL^J <jl JU^J (3^—^ .4_jJj_L>JI 
iJ^Lae-jVI 4 I o S~ 1 4_Lv jl Jj-S 4 I t r*> I jpa J in ' a £j j^>-I ^jjJb^ • a j-lj-L>JI 
Ij^u> iL>jt-i^» ^jQ f*d* A *-^° C7^ (* d" ^ **" . 4 I i ,r> i J-<M j J j >■ I j II w A**X j ^jlj 

« W «— * «m m-jf mm mm mm * ** * *» * ^"» 

£j_£ L-dLS jJLfl (O^J jJ (*fl * a * ' J J A l. l lt ill !M-JjpU J^>j Lj9 J- 1 flJ 4 ! j " ^ a 

4 * j .U*4 idxA Jl 4 Lual^a <jj» fiflKfl" { ^1\ 4 j mi'sJI 4-j-C.Jl^JI L>LiJl 
<_^J3 tJjJLai " «a (*-&J tJlj-^aVI £h*s 4 n be us lijl j a i^-xLLaJij tijL-Sfcj^l 0JUb 

\^S .a^jJUI <_jJ3 (JLII j-fl'^J Joj-iI*j t-dJj^a — Jjua-ill I J-A 4jL^J (_y^ (^j-J-<-« 
L^jl n us j j a 13 J^ 4,4J J SJ I 4o£. 1 >Jl Lj^UnJI JojJ«aL>. jj Jf jlfl p j ■ <a • j jjl 
JliLjt-J Jfl r_jl_lj ^ j 91 t ua A £y& (Ji-S-j l^JlII ^^aVI J-Aj iAuVl jjj-_^a «_a 

. 4^_j_S_>JLj ciJI i n aVI ^jjc r A * * .'J J 
tSjfcj j^L_^ < - 1 **■ Ml jj-4 pjj ^^A 1 a j * a* k 4«4Jj_>. L^JI ^^lc jl j " A^Vi 

J— j a Jj_2 CjL^oj^* IjUfc j La uo I J^j^-i-Vl L>1 iJl (j.ic ^-Jjj *J 

(±j-3C_ Jl L_a.t ^1 4J^K Jfl A I 1 VI i i t l_) jrO_J>.LjJJ ^- <1 i rij (j^l J ^J^ (j, Lc 



:4^Vl o^l^SU 
.^5tH r-Mc ^ La trt'U iLfejVl 4lt-al^o _ 
. 1 JL* 3jiLi-U 4i*lj^o ( ^S 1 1 o j i <a >■ - 'J'T*^ ^-^Lilll 4-lLqjlj 4J^jlLI 3jLj . 

. 4_laL>JI LlilAjni'Tl t_jLj-^Lj 4J9^jlII djL} - 



^•^1 



>oj^l J^^^J^- 



lLj5U3*uij fcjij.yi p^giij'^^v^ir^i^ii 



. L^v-^IaJ 4jjj! ^jjlaj ^jjs Q^i oil I jl L$jL-<-uI 

(_ r 3 ^ ijji ^ t-il j • . i^s j| SjJsLLa OLLl3- J>j_jvj ^c cJlASJI jjJb jj^Jbj - 

. a3*jJI (^Ja 4jc1j^ 4jL»£ (Jj^ £j* '7" 
^jj4jju^l\ 4 injuu ^jrt jSji^jo j I ^jrtJjoljJLI ^iSt a ^ i " r I O^jJI I JLA (_jJ3 
t 4_tltij>JI 4-^ Jlj>JI 4 jl-vJl ^ cixJtt ill 4lir>lj-I 4-jJLa CjLuI^-i-* jl o'r 1 

4_j_a ajl-Sj ^jJI |^II JL>JJ Ijja ^ 3 > -> ill oLVjJI < kiidJ >L*Lj=. 

SjLjfcj.ll 4£LUJLU3 .^Ja^JI I JLA *lj^* (C-AJlL ^^k. Jojlj JLfl L ^A\ SjuLdJl £>£, 

3 j ca *1\ 4 MVlt ^JLjJI <ya .iLu Jjt oL^Jf Y * • I ?L-*1\ ^La ^ 

4_j1>JI (jric J^J-i <-— il_)L^La *j jj c I j a a j I j>J l^Zj A ^ * U^ ^jj ' 4_iJ-i-L>Jl 
^j^vl JjJ Laf 5jVjJ Qj-jJjjJ Cxi-fljf JLfl SjLst-jJU 4£LUil ijLa <4j^CJLj>JI 
1 n m > (j JljJ jLjJLa 4 n ^ ' - a^v- (j VI £_j av '"- a * M , 1 a fl ;4_jjj_L>Ji Ljjj5LS 
JCjIjVjJlII ^j_a Qua j 1j> 3 Si *■ c Cj-S-JLh 4»ja_il_SJ1 ^ n k*" 3j_SJI (2r "*»" 
4_jj£,Jl_>J1 4_jL>JI ^yS ti*5t_jJI 4-LudIj_« Oj^f l ^j1\ JjJlJI dJLA ^1 *\ i>>'ilj 

* (Jjj 1^ J I i jui>j2 1 i JL£9 i-uJ I i LjJ 1^ **' i - 1 1 1 ^ La 5j j j a Jj J 4 j jj i ^T I 

Sjj_^Ljlm_uj (jLJj-jJl < I JuilB < 1^ i "^j i " tljuJjJk J ' S j a&L ijjLjLjJI ^c^'j-^JJ' 

iC^jJI jryc ^ u3-^lj 4-1^ V mil L^ .S^j^l miU 4_j_L>JI i Ml" ^ <*•«*»■ Ml 

JSjLxlj 4jj^C 4JjJ ^a-i-ul t njUt <_^>* j-J fa-i^ 



• ♦ 



^lfi. l^ajLq-jC Jj 'mjJu jI | _^' A j"^^ 1 j a Sj jl 5 H gfcjU.1 lZjuVjJI r^ ai^ GXi tu *J 

j"^ ■■■ c I W ajj *L^- ^ "i , iv ((j^-ijj^jl «-jo f Ij— uaJlj (Jjl_>JI Ijub jjjo /ajijJI 

(jaiM—ajj »^a Kevin Eggan &\ LjI ^^ j < jj " <jJI tji^-lj Y * * o ^1 til 
4_ijc JL^Jl 4_iL>Jl jLjpLja i^la j j ^ " ^ w L ' stj (3j>aj Douglas Melton o>iL a 

4_iL>Jl ^jJJi Jj-L*a_>Jl jj-^a IjjSLaJ ^ajpl Ij ; l^ I (4_j£[jj— aVl JjLjSjLa 4 t aLaiJ 
(jJl i^UJI jijj ^>a fj] IjrjJLvJl Jj^ ^J 4^L>JI Jjj ^ ^n'r^Jl 4_i£.JLj>J1 



^•^1 



2^jl\ jj^> ^XX* 



. ^yZu I /y 5 d ' ^\1J .' ^° cJ-^ J-' l5 J *' tA U J J ^ -* Ljsij 1 ^j_« Cj» L_>. «* ■ L^a r*- A 4_iiaj^j 
4_j1>J1 (J!La j LaLa3 4_ol_c ^ > > -■■ >■ 4_j1>J 4_u1jjJI SjLU 4_ae-<»^J IjjLcl f^ilj 

4-j-cJu^ 4_tU. Fusion Ij^e^ojl (jL LflJj ^ IjJSLqj jLaj .4JJLJI 4jjlL>JI 
oLLl^J 5 ^ ...lUt l oLLuj^-JI ^ aiadiJI ^ ^ ^1 jm? U* (YY JSLAJt) 

' *^.-"-* * 4j-Ij-i->J I 4_lC JL>J I 4_lL>J I ^j-3 1 03- - LujJu 



4aJL k}£± Aj2a 



W^^^ ^ 





.S^b^VI 4^wa^J SjLcV 



4_l£.JLj>JI 4-JLkJl ^ (^L^ ^»'jJ 5j ^° (J-J! c ^ tJ °>^ <j-^' 4JL1LJ1 4_ul JU>J1 



l£>-$\ 
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'<LiSll*Ul9 'fc-^JI poAJI 9 '^icSAJlVJaJI 



OL_l9jL-».Lj j"'"i * (^1 1 fl j & U "J 4Jaj>JLaj Cj*L>- 4j_1j_L^«J| d j £ J^hJI 4_jJjkJI 
CjL^o£L>. t j o ^ II 4—S_3lj-cJj ^jj^jLfl J^ i"i ^yS A^jL^tjl frij^_>.V 4_^ojMJI 

L^litiJ SJ-j^JLIj 4-uoL>JI cj! a .^IjM J^j>*j iSULlL 4jjiL>. 4_JL>. ^ *W^j 

Lj^L>- lTV t-H 1 (J^ O-* LaLjJLn.1 (jtJ-H j Lg •-■ aJ Oj^ ill 4 jtj'7^11 4_j^c.1l_»J1 

IJl£j ij^Jji Jjt-4j J<m.TI ^ L$Ha ^^ .i-jj^lJJ 2uii.ljJI 4jaliJI 4l"<ll 

\^S i4-Jj «njll 4jm'c»JI 4-ijC.JL^JI LMitll Sjj4-tlj 3 q ^ II Cj1j-j_4-I1 < j^6 JUJ-iJI 

(jjl _ *£ll ^aj - ^j1 « n jl ur k. Pluripotency Sj^al^JI 5jj 5JI L$jjJ L$jS 

CjLa-jlLJI 4_oL*Jl Cj^/LjJI ^ 1 Aj 1 .^ A ( ^}\ 5 ua^uaJteiJlX I Lj>L>JI « j i ^ 

. cj^ijjl 4jjaajj*j>JI 4jJLjJL>Ji 

4if,'i >J1 L>L^Ji <jl ^ J^> ui^i^ -O^AM q"'^Li Jt -w ^JJI ^Vl 
2LjjIjjJ1 SjUI 4_3e_4^j SjLcJ ^yLc 4lol£_J1 3jJl-oJI L$jjJ 4-jj_Jl_jJI 4_jI_lL>JI 

. Laja Lo^vLsjj tJjJtJ ju. *-^^J 4-iJLJI 4j, 1 , „y]\ LMiJL 4_^UJI 
J^juj w ;l^" UlLt^j 4AJU1 4jJlLkJI LMitU OJJL^ ^1 S.^Stl La ^ 

Ss^Jtl SjM^tl 20^^11 ^1 

fj t*i '"*' *_; >JUa i4_lL>JI 3ij-j (J^lj ^^3 ' ** 1 1 j « i ' *a II jl Cj I j t_j mlu l_£j^j 

jlxSLJI L>L>. J-*^x (^jJI LaJa .2L^jJI ^ <jLc. 4_iJl£Lo^ ^-^*j '"'j ^*j^; 

4_iL>Jl t_^l — I ^i^l tdJU^I^ 4_jjIjj SjL^o j^j_j>o i * j * 3» L^JI 0-^0 f*-C^JI 

cjLL->. ^j-ljj 4_ojIjjJI L^jjLa JJ^Ij Jg tj V _ ^ULo 4jjlj£LILS 5 , ^ , ^ ^. * 1 1 

(_it_t L^^J I i ^>^ >■ Cj 1 ^j >■ «— a , > aSLS La j^_j_4J r,,"* ' I Cj 1 ■ j jJ I {_yJb$ * I j * j *.' 

4j.i j < 4_iii. jj-j-aj jljju£.j iMaintenance genes 4 .iLkJI ^ jj^>.Vl 

• j ^ "^ I (g j J3 O n mlLa-j _ A , ,. ^ i t", Aj !i ^^3 _ 1 ^ ij > . L-aLu 4 i ^> i^a **■ "u ^ 
^1 ^ i a 4-xj j-j i <a c 4 oL>. I jj^ * "^* 4^JI CjLLj_>JI Jj-a t^j^ jI CjLLj_>JI 



^•^1 



>oj^l J^^^J^- 



& icL-JIThItII 

*aI^j La j*J->- (j-^- L-^JJ^ O^oL^j *^-^J (J^*^' L^-^ _ ^- 'J '^ Cj-iL^ Cr^** - 
iJ ^jJ\ t L^J 4-o^ljJI L^jI MnjLuaj 4_j_4_jJI ^c I, L-t t > <"i o i^» ^^Ja <"i > -*• mil ^3 
jjfc Jj*. j^' a ^jlij t I Jul L^j AJ-^J (jl L^J ^ i i *f J V 5j jn *Lj_iI»I ' j ' A ' ■ ' k>"« 
xjsjg (_^JlI1 (J-jJLxI! g.^j^se— i tjJL< u— a if 1 jl Cj Lljj j^— jJ I jm^ Ci3%j ^j -j * " 
4jL>JI ^^ ^jj^I CjI (j-w a^-oj ^jU tiJJj <±jJL*j^ iJU jfi ^jjl (jju^stl^ l^lor 

(j^. L^aU3 ci*jL-c jua q^£j Ijuj .^^i Jjlajj Methylation 4±jJJtLj 

ij\ ^l tpl clj t^JL a^OJJUj ejljL^VL ^ftloJU 4_^LiJI r-j-jji-^o ^ j ill -^ 

£-*JU I jut *1jJU3cjj i<j_«jJI JjlA ^j-c 3,1 j i; j-^JL^ (jlSJL! (jJa 4-j-uj mi.I a 
4-iLkJUa .i-i-^JL^ jmi^ 4 jUt 2U5lj^1 3->UI ^ 4_ulj>J» U$jjLa 
Lq i > i ^*-j i L>> \ IL) 4 1 '^ C i La Lc Lu I 5 4 Lgfc-a L) >_» clip ^ * 4_l£. Ju>J 1 4_i_LlL>J 1 

4 jl^. aj'm> {jjJ-C- J^"-^ J^-^^ if^jiji-) 4_*ijJ_>Jl ^a^JL^JI 4 jl^tl ^^ L^lft 
J^aVI I flj a < - 1 1 i"i j iJujJu>. ^jwQ 3l \~*\\ \ jj* a < fc (t j"j 1^ ,*:.• w'a i4JiJlj 4jJlLw 

L^jJs 4^«k£iljJlll 4-4j jlSJ I oLi-tj^-Jl ^JS 4-i-u j <> l^ t, t L^jl i^ 3j^ d)^ 9 cHJ^J 

^j^aj JlLs I g" i 1 5 ft {J* ' ^^J^^' ^ n ' " * Ju JL>» ^j-A qjuJlJlU^ (J-J-^ (j-^ 4 ' uj ■> La A 

4JL>. ^^Ja oi m ^H J£ L^jjJ «— »L» jlb (*j-^^ W^^ f J ° ^^ j j V"j * j j< ; 

jljlt ^jl 4Jol mi it Pj_mojJLIj . JjJLj>. ^Lt w Laji ~t gH jib, i a aLj al J * j -I 

i4jULJ1 4jjJ_>JI 4-iLJJI m'-^ «_« L^^ljJLal J it*^ I jj t4-U-i-L>Jt 4_iilJL>Jl 
f\^A y j *" ^ 1 4JJ LjJ I 4_tL>J 1 aiL> Cy " J- 4 -^ ^ J^J ' T" ' ^ J "^ ' L — ' Wj *-*hP U ^ 

jy» oL^j f^' j^' u!^- i ^' '"^ : - > ' d' ,fl pi l^tLij Imprinted genes 



^•^1 
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6hj5U?Ul9 fcjju^JI PUAJI9 fttackaJI&glaJI 

<jJlij JL>. ^j>Jl xlij I A H *^ - 4 j *j"*^ C< tla ^jl J La da j JaJ L> _ Jj^-k ChO 
lg aB 4JLi-A|jJl (jl jl i3jl a mi LujI 1 V jt mi 3-^J 4JLa 4-!Lcuj r-jjejj t(ji*"iijo^TI 

^? ^J J>*^JI ^ 3ja-aij 4j>^JI ^[j £jl\ ^\ 3 iJj^LJI ^1 Sj^ 

5x_^Lj>j L^jJU iA4_jJI LoLqj 4 J*J*'^ .Cue j 1 ^ 1 ^j"A* \_t 4_tlb 4_*JlL>- O-jLS 

L^L-^j ^jL-jJ (j-« ^Jj^iH I— * <J^ ' ^ a " y^j J-^>- ^ 4-LaL.*JI J^ljJLI 

^q-oj (j^J^ SjLL Jl ^_j_3j3 (_ylc- SjJuLa VI ^-A La l^K 4_iLjJtJlj . 4_juau^jejja 



4i^ jJLJLI ^m'i^U ^LuJi j_)jb^ la£L^j .^LlJI u^ ^>a ^L^l 

Vj i<Ul> (JS (^5 •— <-ul Mill \J*'J 7"^' LLjj ( _ T J9 ^juj^-l^Jl^ 4-jJ JijJj * J j-j>- j^o 



%I4 ^ IJjifill a^fi^t Uftlt eU^f Um 9#m c^Jt QM&^f 

Fusion experiments 4rfUU <W^* 

7-Li^J (jhJI '"^ j 5 «JI ^^AJ LiJLLA jl jj t 4Jal . .1 jll g.'l g J j^oVl ^juiJ t^SLl 
4JLIL 4_j_L^ j-aJ J^a 4_>JILJI 4_jjLlL>JI ij-C:JU>JI 4 jJ^M ^1 l^-La * J^iv ^j 
L^j x tlilj -^ j *j *^> ^ai. L^L>- ^.A t4ojb-L>. 4 ^ \ 7- 4_lL>. *^a f^JLa 4jJlL>.) 
^^9 3 1 ^ * . . ^ M Lgj (^1 i(jrO-jL?JI LiiS ^jje CjIj t i i^> 4-£.j) 4 'aeja {j^- <£$ " "** l 

^ 4-Sj^Id ,>c do^Jt ^^ ULUi3 ^1 ^jVl 4 K ^ I La oJJjJ .Sjl^I^JI 

V( Joj^Iu ' 4 Ijb a j j CjJL_lcI ^jJl *4-iJLiJI 4jJu-u_>JI 4_ji_>Jl aj_Ll>. ^^■"■- *j 
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rjll 4jUr J o "Xl jj? J^i _ <xjjLiI1 3 mi7.il 4_l£.Jlj>JI 4_l1>J! Lo Ujfc Lr Aj 

Ml 

5 j f jl>JI LiLiJI ^ cr>j>La j-* 4JJLJ1 4jjL>J1 4j,i ,,17.11 LM^JI ^M-* 

^j-ilu (jrtJLSk. qj* <Jji3 £y* Cj^Lsj- 4_lxjJL>> 4jjCJU>> 4_lL>. Ij <a,.t V*r > J lLUj *_a ^a^jLfl 

4j m 17 4j_CJL>» L}L>. Ij^q, V Vi ml a^jLj lLUJ ^^ Ij-ij 0^o*LjJ1 jl ^ (*^P' 
4_jc jux LjMj^ Ij^ajVinil Jl£ 4JL4UI (ji &4r*\* *>tuJi Jx9 f*^^ C*jI£ 2UjJ^ 

. 4^laIj 4j»uv cJlj 
oJub 4 j c 1 t " >■ *'j 4 j nltli jLsLujj Vlj jijJL>-LjJI J j aZ u*\ Ju2i_3 1 aj ^ ^ j 
i^_tLw)Jlj (4jlILJ1 4 i, * --1 »Jl 4aL>JI 4ajqu SjLlLj 4_l^L?JI SjuJUhJI 4-5j >laJ1 

• 4j V-iiu-U) 4 i/>u ^ 1 1 

4-iJLJI 4j, V , ,itJI 4-iLiJI (Jj^^o ^^^i^. w "^ iJI 4-2j^j3j (ji-d-j^ SjJlXo '"-j^^ 
jjJISJlJI (JlLaI {jJj j"S tjOj>.u ^j^o 1 prj t2>j\ ji a a j '1'^ 4-jlg JL>. 4_ji_>. ^^1 

ij-c-Kj m. (^Ja J-l^LU1 ajIjj j^j-a (>a Yuri Verlinsky ^■-■ij j' a t^jjd 

^ylc Ji^ ^ 4j1 hjJlU 4^3 j 1 71*1^1 4 ir>l t 11 j^Js j_c!ij_^a ^ ^jlc? tS^j 
L^L>> <L?e—aj>j SjLcj jj^la £j£- 4 j 4 j * 7^ 4-.J-C j 7^ L}M->* . UjU -^ jyj JUJL&JI 
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'<LtSU3>\jl9'6^jJI (ooAJIs'&afilaJr&^laJI 

4j V in -si I 4_oL>J1 LjjIjJ 4 i m " L}L>. (jr^- J ' ^ "- A *l£>-»*I 4_jjjj^ 4_i_C..J\->. 
4 jr.JjJi 4 jl^lt j^ajl ua ^j CjLLi-o J-a->u 4j1 j <",4jjM ^ L^JSLJ t4jji-s.ll 
4j^ t"u\ £j\-Ld*j£j ^yJJ 4^wL^JI (JJJ (j-d ilLlJ {Sj^ * ^ d " ^ ' 4-jIa^VI 4__jJLuL>Ji 

i4,i, n'i T * * o ^Ldl ^ LJIj^l^i ^ Allan Trounson o-^ilp u^ jj^^' 

4-J-.C juw Lj^Ljx *-* 4JlJLj 4j„1 ..■-*■ jLa L>}L*. *_>oj <Jja ^jSLoj 4_J! (>*£.! (jrp- 
<"it -w j L^-i^J 4-iJUJ! 4jJj%Jl CjULus J-4^o U^L>* ciUj ^a t""'* tjLaJ 4_iijjL>» 

iPluripotent cjIjjlaJI SjJaj 4 j <r»L^ ^^j *<jJj^H a , : j : r M [ $~':'* [ ^ <jJI 

4jL 4j.V in y]\ 4 A >Jl ajm -w (ji^. !>laj ^jJI 4_j3e-^j fc _Jl 3jLc! jt j j * "H 
SjLcV 5 ^ i 4. 1 ..A\ «LiJ-lL>J1 4_i_£,Ju>JI 4_-lL>JI /U-ij «La fr,_ilj)) 2l»i_j_jj 
JS mil £ja j-jj*i$ i4jlILjJI 4_lL>JI SI^oj (jjjS J^jf (j' * j k" - uj (j£ JlJIj i4-ae_Aj-iJl 

j^l 4jjL-4ji_>Jl 4_iL>J! jujJLfl iL? -L_»JI j ji t " \\ 4 j U r Ly J3 SjLcI cjj_=tj 

<■ i A jj . 4j-i-uL_t)V1 4_ijljjJi 1 j'^jj; ( jju1 i uj.1 tjJJ (jjo ^Jjlrt 4 j * j Ljh H LajI^IoI 
4-j-CJi >J1 d_ j 1 4^.1 1 ^j^ jj "*' j - -■ ^_^ Jj_a»^_>i f^jj -^ H ljufc £)1 /^Jl ^^^ ' " J J a 

l«i:^j 1 ft S i^j^Lij) "< j mil (jy 3 (j-«jij 4_jJLljl>JI 4 j r. Jl- >Ji 4_lL>JI Sijj {_ r d 
t jx. 4_jJ^L>J1 4 j r Ju>JI 4 jl->JI Sl^j J m *^ ^jLi lLUj CxjjIj . L7 ^_4jJJj—jJ3 
J ^| t"i <jPJl ^y-A L-gjI JL^jJa *4 ajX mJI 4jijL^>o I j -tic j^j-^Ij aJ^Ljj"« j i nil 
f - - -J' I Juts (jTj 'tO- . t ^**' J " CH 4 ^^ 4JuLxJl 4j. v j u >J I 4_iL>Jl Aali> 4^ac_^jj 

Nucloplasmintjryoj^ljj-Kj-LiJI w ^ . -j _ Ijujl^J] . ^t Sl^JI ^ j>^->1I 
4Jj-jl-1UI djJiiJI (jjl cjj^Vl >a ^j^mjjljj j j ,,. n"> tjf j-^I>J1j .(288,53) 

d n Ux", ; A Cj I j j t " 1 4 >j"n (^jaj 4^e_«j-jJI djLcj jl jjI fl'll jjl £ya I A j" p 
4_tL>Jl 3l_aJ) Slj^JI (j\i Cj^LcLJj I ^j \—-»Z ^^Jtj-j^JI j j j • j!\ ^& * jJil *~ ^ 
4j^o J^Lj^j-jjuJ I 2l1j_JIj r^t^a^jJl SjLcJ ^yS 4a.l V"( mil 4_jjj_L>JI 4-^C JLaJ I 
I jufc ^q ^Jbjl^ .(4jJu_llj>JI 4-iiifcJJ ^j *jN .'J**' J' "" 4ju-JI LlJb ^j-&^\ 3j-jJuJLI 
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Hiroshi TamadaljUaLi ^Ij^k! j-jLi c^tj ^ Lq-c.3 jl^-j q j - - A " 6' 

J^uaj^Ljji^j) jtll Jl t n\\ JJJlII 4_i3 'j^p' f * J J >■ i^jLLjJI (^JS ^tir ill 4JL^J3j 
iaJLitus I^jI wjLUJI *JLfc jj^a Ja^Mll ^j . ' A ' 4j*^»jjJI SjLcl 4_iL*£, ^ 

tjl^ (J^ 1 >* SLo^j^jJI -jN.'j "'.;- u! fl T '(j^J-i 3-afc*ill ^l^V I t:K.»l 

^gj-^NJ Lu I j >. j 1 j j j 11 L^jl ' A ji^ "*^J & A A '"^JJ ' (j- 4 O" Lr^J J 4JL>. ^js 
J£> l_jI^_»1 ^-UhlJl 4 g-l£ (J^-taj L*j1 J iliSLAj )4 ■ uJlj Slg^JI JJlI JjL*J jLJI (j^ 
4j ^(_yji J£ ^jl Ji _i A 4-uaLi. 4_ii_Ljj^LaJ I 1 fljlr (3^ c*"^ 4 oKtl i^JJj ^ ( _ 7 uuj 

VI jjfc La ij^oVl 4 nj n^ ^ 'lS-^ *J^ ^ijtiII j j ji'll Jj^3 j Jj all VLt4 



(jiajj-a jj- 4 4-aJu 4-jjI-k 4_lLv ^Lx>s _i->*L3 (jl t4Jol r u n *<jVI ■ j La5 i ■■" OjI 

(^iaJ^JLI 4 j IV X-^aJLJ aj i^^ij-^aiM ^j^a LAj— j_C. jl (jil_CjJI J I <*nll j^iajj-^a 
4-jx.JL>- Lj3L>» Jq^>. ^j_4 Cj^.L>. (JJ^ji JL3 i<Ll1j_L>. 4-j^,J a> ^ j*V Sljj «_4 4_jljLjJ| 
4jJlL>JI (j-iajjJll 4 jlV (J J. » "i"» i_3j_j_ti ^JLlILjj t La (jrt-lb*. ^pft 4 4J J ^> 4_lJj-Lw 
aj (j^aj 4 jJuJu>Jl 4_j_CJl->JI 4_^L>JI (j-aJ Lt-a-S- J-4— >u 4 j^ ^1 4 ,t IL-JI 
^^iiJI ^UJVI (_yj ij h>U ^ 3jy^j>JI 4j-LlL>JI 4j£.Jj>JI <j-LkJl ■■U*,,," 

Jj\Jj| r .it jl j^-fl-J 4 J UuUj^-LJ L^L>- jjj] (Jj_=t_Jj £j\ t^JUjJ (^JJI (_y^a UQ-SC-ll I 

foj (^1 ^J jf 1 4-iJ^ i mr L}L^>. ^J jl ujjKtuW tljiJI (j^j^o r^LiJ >L1jo 

^olj-^l jl (_>IiLcjJI Jl Mill jl Jjij tit m>jIj (^^iajj-« r"^LjLJ iJLI L5L>" £y* J-*"' 
OL^ ^1 ^Ij^l ^ Uj-lJ: j? ii>lill Jm. fltlj ^LuaJI j;>Lc jt u % ,lnTl 

4jw^ Taylor R.A 4jI j^Lj ^^3 Miu_a Nj^"- ^ 03^? -^ 'j^' U^^ 
LM — i- jj — ».j ^^s _ 4_jjI — ^Ji L^l — V Jjj — >u ^j^o ^3 — i-ujjljj ^jVT 
Prostate \3\ : -»j^ Jl 5jlc *j ■■■'» ^1 Mesenchymal cells - Ji g jS^j j * 

. ( * ) *y>yy 2^\y Suiitj l^Te-aj Jju tlU jj tJSSlieS 
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*&o5U5UI9&4jj.*JI paAJl9*6t±cS>Ajr6t±laJI 

(j^ajjJLl U^L>- L>.jJ>J Q*l>- i4_cLiU 4 K mi a L^oLqj UxL>o jJb (J^aXi Lu-=l_>I LiiSLl 

^ L>UJI tT ^ ? ^v ^J j-Ll^ Va , jjUIj .hnill «,,; T ,u ^SJ ^LUI jL^jJI 

Lsp (aJfcJiJLal (JLc Oj '^' MjLo^L>- ^p<a J.' J (1)' Uj"' "^ ~ ,* ^U" 1 uj JLju <j-aa, 

.Fusion experiments SjuaiJt! ^-LajuVI ^jL*j 



• * 



^j^a ^»j ;U ^j£, jjt£. ^yic (j;jJI>o 4-Lx^M t j-A JUJuJI LiJLiA ^1 pLali-H JL>-J 
jUj „ Qj-QJ? £y& La 4Jj>-j— a (_yiS (J-UjsJ ' 3-a-) uJlS^J *-^j , „ 1 ^"^ ^jj I j < Cj 1 j«t ■ '^T I 
«i'hjljj^a» L>L_JJl jjja I Uj! ^ L^-Li.lj ^j jo 4_L^Vl (jj* L-C.\jj\ l*JLLA jl 
t*\ Jjfca Ol J' j uajl jj^a ^*j ;Utl J^l£LJl JJUlJI Lij-^tJ 1 fl La (j^y ,M0Saic 

^3 « j , >■> II ^jLtJI ^ i^^ —j <Lal^ Lj^LjJI J43*J »Lai«Jl J*" '-I - t j ■ ^a 1 1 JJLtJI 
4 j r Jl>- u^L>. i^c- ' d*' a J J ' ^ 3n 1 1 4_jju L^jjqjj LAjJj_t_3 t Cj j a i 1 JjI U^>. 

^ Zuker & Landry ^jjl>V^ j-^jj ^IjjJI^jJI <j «J u.ui Lo | j^j 4 4 j )uy 

jV ^Ui . jM^Vlj cilj^Vlj SLjU.yH <jL>&l1 jl oL— »^ j 3^^ cjL^L^I 
SL^o jl ojll I^jj^ Ja iLvi (jjSu 2Lx. Ju>JI L>UJ1 Ui>a SJj^Ul iL^Vl 

^ic 3j ^jrCL>.LiJI (j^t j (jl VI . 4l^<n 4 jlpf <*i 1 njl L4J l~<i mm a JljLa a| JjloJLj 
tPJlj 4"m1I Lj>L>JIj 4-udLv oU miIj ^yk. »-3jjlIJI ^J Jj^IaJl ^ fO^jL oUj 
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*I t II "t ■•■■ 



Cell Biopsy of still -SUpJi ju-a ^^J^^u^l*** -n ,., 4^-Y 

: living embryos 

■ ^ ua a j^^yiajj^a £'5'Lc (^^JS t-iUj J t) ' j <al ■ * se j • ■■' ^jl m.~j (JJfc (j-^-Jj . jl U>-^.t 
^Jj ^j 1 ... ^.oit— <i ^j-a AjJI (J-2bj 4 J £ * >■ u^Liu Qj - ""'J \)' ;".' J' jiL-cuJu 

t Nuclear transfer *£>** 2u^j>j ^j 2tf ju* ji 3j£>ut 2u ju^ 31^j JZj -r 

S^Slj i^-tej '^—fr* Q" ' ><M ajM-Jjj " J < hILj 4 k n j Stt a 1 0<> T i * ' La 11 j iL^jIjj 
uJbjugJIj . (jr JJjJ 5 j j J ■"■ 1 ' 4_jat_*J(il L^j < Z i tt "j > 1 ^yj-Jl *jj 3 '"' V ^ 7" I— LJLjj-Mii! 

4jai u-t (j I (JI^^^VI <j^a U*-*" l£^ £ J *V' ' " ' * *-* *ty"* ?"*-^ J i J-^ (^jlmLmi Jf I 
. lLjIjJ_3J! 3jJm_j_a 4xCJL>. u^LS- 4>La J)1 mi > <jl » jlVl i u ) I i i^ 1 t L-LlIjv. 

LaS 4 t J t a Jljpft 4j Aj!M->j1 i < n £yi <Uj^nj Laj 4^jm3_11 4—L*aJ_ftjJ 1 <jl 3j S fl T I J 

t^JJjJ 4JL>> ^JS l_3jjjljo jjfe LaS t JLlaj <aVI OLI^v ^J-ojo Ljj, i'l^NjIj ^ 4_j 
Ujl^l ^JJ l^B Cxi^jl (^Jl 4JJLJI 4,jJL^>JI 4aiiJI ^1 ixiij>JI SjUI 

mm 

<La ^ydSi^j^A £jj» CjJ-i-l 3j^_3t_ja 4-j , . > iu \ 4 jlV 5ljj LujJ *tjij . 4-_j-LiJL>- 

J ^ " **■ J ^-^t I JLAj . 4 jijiv 4_j_c JL-Jn. L^L>. ^yjj Jj^rtHI j) t-'i *_i_44_3«Ji 4_>.^j 
4-J^aJ3-Jl (jt L*JJj iL^j^. j? 1 n mi jl Ll^^L^I ^1 Li_OJ 4-i£. > ^N "A^Vt 

4 ji-^JI »IUr j ^ pl^jl m.j JiiJ j? tjl^j " m.j tjLuVlj (3 j j ■■■ jl ^Lj>.j 

( jj-« ^ 5 V j ... ^^iaJjJLl (3^ jJ i^qjLS dJlj La 4K JJLl J-A t ^ > £Ll . 5Lj-C Ju>J I 
4-j-CJL>. 4jlV ^yJJ LAjj^-shj -^1j-1I 4jJ (ii-*J1 4-jJ_>JI Lg-La OJL^I sJ^JJ .'"'^ 
(J^ U* L^' 3^4— c,^>-dJLl 4 trn^-jJI L^La CjJU>.1 4 i .< n i C^^JI (jrflj 4 j m r^v 
JL^ U^^j ZJjm^I 4^JL^J! 4-iLkJi *LL^I 4jl.cr ^ 4^jLU! L>UJi 

. Lq-j-uJu S.ij Mill ^a Cj^L>- 
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.j-pidl Jib 
<>* Sjl^Ij 4_xL^ jl^Jj Preimplantation genetic diagnosis or PGD 

j) "< ^Lj > J ^]l 3^JU3 j ^i\" m j (jySJ aV! f«^>-J (jy^ - 3jl_lj>.jJ| 4_j_L>JI 4_Lq 
i>jub JL>*Lj tj-st-j IjJL^j < ^ 3" 1 1 us £L5j^laJI tfJLA ^^ ljJL>-^ 4_i£.Jl>JI 4_iL>JI 

1 ajI_S A j aN ^ H ^ J *J x 4-i-S-g AJkl £ya Ij-j-^ilitJ JL_3 Jjj^-Tltw LlJ I tJ^^J ' Ju J 
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2^jl\ jj^> ^XX* 



?cJjuaj L>L>JI dJLA (jl ^^A t( J^-^^ 3^ od^' £* cy^^-* ^ ^^ Jl£j-C?j 
jl (4j^>.|j ^J^'j 4_a1 1 fl * A 1 j <i 1 i ii j dJuJ , t • > /«j . Jjj-LuI 431 j -»» jlj i*m a 

JjuLj jl2j .>jJI Jij iLaLuA i2LL^.ju>JI 4_iL>JI l£JLu ^ _ liUj juu _ L^j 

^ ^ o > j i^j^a ^- " MjV 7B_J_i-ajj 1 ±3ljJ 4 4— c Jl__j>J I I j^4 >J1 a jufe 

. Sjujlc 4j-v^Lc lTjVL*^* 

«LtL>Jl >^U>> jj-«o Lj-iL^j jrtlVi) aj i<UjJJ 4_»Jux>. 4_l£.JL>» 4 il>. a^a [^skjjJj * ■"*« 
. 4_ijLijL>Jl 4_ljlJL>JI 4_lL>J1 ajJLo* ^^jLl^l^J ^LaL*. »■ < ^ j 1 **,-*. fl^j CiJbx.1 (^JJI 

4-i£, JL^ Lj^L>. ^jJJ j iIJJ.1 ^ I ^jLJu ...I ^J *4J J>^ L^' ^jlj^j Oj-> t>9 jLl->VI 
/^ 4JJLJI <j i lm >JI 4-iLkJl 4-^-a^j SjLcLi LiUjj tiiJliJI 4-5jjIaJI fu 5 j 'j'^ 
CjJU£.1 /^J-Ji 4oL>JI Jl>-1 aj (31 ajjl 4jljJia 4-jJaj^j ^1 L^JljJ JJL) ^Jj^Jo ^£. t^j-^UjJLl 
4jf „V^.]I u5»L>Ji JL>.I /OJ i^j-oL>- t**M Tun a ^3 L^-^jjJ t4jni>. ("rnr n^lj 1 ^1 y ftj-i 

.^^Therapeutic cloning ^o..." 

JL3 (-_»j_iJI (^ »l Lull q\S ^*JJ * La>-^ J (J .' ' " cr^^ (3>J^^ * J < > Ct^J 

^ya 4 fljiJLl 4SL4J 5j mi r 4 tjl lJI 4Jjjj ^ ^j^a^l ^Vl aJI tJI 4la_»ljJ 

:4^ i 4o^O^Jl L>UJl o^ ((* T * * V /^ U Y ^ ) 
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^U3UI 9 Iv^jJI laoaJIsW^aJI'^aiJI 



, L^La 4_tc Jl>JI U^LpiJI t-\j2*-Llm\ aj i VjIxjj^LiJ I 4l*-jja ^yJi L^ZLmjJjj 4-^jn! 

• UjiJU^ JUJoVl. I 
T**j jfej ' ulj ^,*-JL) jjLmjjI jj-A 4jJl^u_>> 4j l^- Jus-Li * Ly j>-iLiJl y*l < n n r » jl _ 
4X>-j_a ^1 Jj-u3jJI ' a, > gj i L^jijj qj* 4-C.^ n a 4_iia_L_u ^J9 1 $ •»■ aJj Lgjljj 

. LiiJj <>»j ,UL» Ujju^a <jl£ 1^1 <4^U1 4j«MI JjL*jV| *1j^Vjf j-MaJI 

, jj-uo uj-* 0*3 i *^ £, j u ^ 4jtL-^-L i^AjLjJ^t ^jjl I jl (JL^b jl _Y 

.^jJI^JI tJJLjj 4 (JLh^' J^'j' 4ojmiU _Y 

: JIHI (J^J-i-u ^jl^. ^Uj (>aj Lo>=tx LAjJi^a 
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rkjaji 



I^JjLj ^" >■ a^j J£ dJJj Cr l£, I j <llnj ^jl ^ tjrtrfi Lull frl rtlil JLjVj iJUJt ^ 

JjLajl ^,3 < <j 1 nil j-a t^JLjAstU LjjL-oI ^L-ujVI 4 tj^U (^ tjV t-dJjj i(Ji*JI *_^ 

j^a * jU" ■■■'* |^j3 L J^S-S . << LJJaiZ. 4 |j aJLU (jLojVI 4JLl4^- «_a 4 j * 4 1 jJ I 4Ju_2l>JI 
,JjJ1 — rf xuijJI 4 j*» j g*JI 4_jJLiJI (j^J - 4 5 j fljJl ^JJb utgj uaj jj! J 1 ,r> all Ij-A 
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urn 



» — — 



L^Ljjkj (J^xj 4 jf, ju>J| 4.Jjk!L^ t Aj m -*H julj t^al <u"i^l 

dUjj -p j " t ti cy 3 ^* -^ L>L>Ji f i>jl t>» py (jf ^i 

4 jl ■>!! (jl dr^- (.yS lAuI 4 iii 4 i- j 4 c (_ T s ^ji_L>JI 

L$la_aej oj-^ p-^J^ Lr^- ^^■^-7^1 4jl^ll *JjJL»J (j\ 



ISBN 978-99906 - - 233 - 3 



^•^1 



Jjfl J>*« j^Ju^ 



